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PREFACE 


In 1981, Lewis Research Center’s 899 research authors published 384 technical publications 
which were announced to and reached the worldwide scientific community. Although the number of 
reports pubi’shed this year has decreased just as the staff has decreased, the number of reports 
published per person per year has increased slightly. Each year the number of technical 
presentations given at seminars, society symposia, and Lewis-hosted conferences increases. In 
1981, Lewis authors published approximately 66 percent of t* ir research contributions in outside 
publications and the remainder as NASA research reports, ewls authors primarily use society 
proceedings, seminar presentations, journal articles, and transactions to describe their work. Many 
have received awards for their contributions; among them are the following: 

The 1981 Lewis Distinguished Paper Award was presented to Krishna Rao V. Kaza and Robert E. 
Kielb for their paper entitled "Effects of Mistuning on Bendlng-Torsipn Flutter and Response of a 
Cascade in Incompressible Flow." This paper was presented at the Dynamics Specialists 
Conference sponsored by the American Institute of Aeronautics and Astronautics held in Atlanta, 
Georgia, April 9-1 1 , 1931 . A description of the paper is given in abstract A81 -29465 (p. 92) in this 
bibliography. 

The Society for the Advancement of Material and Process Engineering (SAMPE) presented its 
"1981 Best Paper by a SAMPE Member Award" to Ruth H. Pater for the paper she presented at the 
Thirteenth National SAMPE Technical Conference held in Mount Pocono, Pennsylvania, October 
13-15, 1981 . The paper entitled "The Properties of Novel Bisimide Amine Cured Epoxy/Celion 6000 
Graphite Fiber Composites” by Daniel A. Scola and Ruth H. Pater was published in the 
January/February 1982 issue of the SAMPE Journal. The report is described in International 
Aerospace Abstracts, vol. 22, no. 6, p. 828 (March 15, 1982). 

The Society of Automotive Engineers’ Oral Presentation Award was given to Brent A. Miller for his 
outstanding presentation of the paper "The NASA High-Speed Turboprop Piogram" by J. F. Dugan, B. 
A. Miller, E. J. Graber, and D. A. Sagerser at the SAE Aerospace Congress and Exposition in Los 
Angeles, California, October 13-16, 1980. The paper is described In abstract A81-34156 
(p. 21) of this bibliography. 

In 1981, 312 contractor-authored research reports were produced, an increase over the previous 
year's output of 307. In addition, 25 patent applications were filed and 18 patents were issued. 

All the publications in this collection were announced in the 1981 issues of STAR (Scientific and 
Technical Aerospace Reports) and IAA (International Aerospace Abstracts). 

The arrangement of the material is by NASA subject category, as rioted in the Contents. The Lewis- 
authored items are listed first, followed by the contractor items. Within each of these groups is listed 
report literature, in N-number sequence, followed by the journal and conference presentations, in 
A-number sequence. 

The various indexes wii! help locate specific publications by subject, authc;, contractor 
organization, contract number, and report number. 


George Mandel 

Chief, Management Services Division 
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01 AERONAUTICS (GENERAL) 


MI-1 1002*# National Aeronautics and Space Administration 
Lawns Research Center Cleveland Ohio 

STATUS OF NOISE TECHNOLOGY FOR ADVANCED 
SUPERSONIC CRUISE AIRCRAFT c71 

James R Stone and Orlando A Gutierrez In NASA Langley 
Research Center Supersonic Cruise Res 1979. Pi 1 Mar 
1980 p 493 518 refs (For primary document see N81- 17981 
09 Oil 

* -*il NTIS HC A23/MF A01 CSCl 20A 

Developments in acoustic technology applicable to edvanced 
supersonic cruise aircraft particularly those which relate to at 
noise and its suppression ere reviewed The noise reducng 
potential of high radius ratio inverted velocity profile coennu er 
lets is demonstrated by model scale results from a wide re' ge 
of noizle geometries, including some simuleted flight ca^es 
These results were verified statistically at large scale on a variable 
cycle engine IVCEI testbed A preliminary assessment of potential 
VCE noise sources such as Ian and core noise is m»d3 based 
on the testbed date Recent advences in the ur r *t» uing of 
flight effects are reviewed Th* status of com, nn» •» noise 
prediction methods is assessed on the basis of recent test data 
and the remaining problem areas are outlined M G 


N8 1 1 8004* I National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
ADVANCED TECHNOLOGY FOR CONTROLLING POL- 
LUTANT EMISSIONS FROM SUPERSONIC CRUISE 
AIRCRAFT c4S 

Robert A Duerr and Larry A Diehl In NASA Langley Research 
Center Supersonic Cruise Res 1979 Pt 1 Mar 1980 
p 535 549 (For primary document see N81 17981 09 Oil 
Avail NTIS HC A23/MF A01 CSCL 13B 

Gas turbine engine combustoi technology for the reduction 
of pollutant amissions is summarized Variations of conventional 
combustion systems and advanced combustor concepts are 
discussed Protected results from far term technology efforts aimed 
at applying the premised prevaporized and catalytic combustion 
techniques to aircraft combustion systams indicate a potential 
for significant reductions in pollutant emission levels M G 


A81-29062 * * The future of aeronautical propulsion. W. L. 
Stewart (NASA. Lewis Research Center. Cleveland. Ohio). In 
International Symposium on Air Breathing Engines. 5th, Bangalore. 
India, February 16 22, 1981, Proceedings. (A81 29051 12 07) Ban 
galore. National Aeronautical Laboratory, 1981, p. KN 1 to KN 11. 

This keynote address discusses some of the future challenges and 
opportunities confronting aeronautics where propulsion is a key 
factor The discussion covers various aircraft types including com 
mercial transports, general aviation and military aircraft and identi 
ties propulsion technology required to accommodate further ad 
vancements in these types of aircraft. This is then followed by a 
discussion of some of the emerging technologies that, ‘ properly 
exploited, will have significant effect on the engines o. the '90's. 
Some comments on further advancements in the traditional tech- 
nologies are also included. (Author) 


A81 30003 * * NASA research in aeropropulsion W. L. 
Stewart and R J. Winer (NASA, Lewis Research Center, Cleveland, 
Ohio). American Society of Mechanical Engineer*. Gas Turbine 
Conference and Products Show, Houston, Tex., Mar 9 12. 1981, 
Paper 81 GT 96 1 1 p Members. S2 00 nonmembers. S4 00. 

NASA research activities in the development of civilian and 
military aircraft are discussed The advances made in subsonic and 
supersonic transports, commuter aircraft, rotorcraft. V/STOL. and 
high performance engines are reviewed, and the problems facing 
general aviation are considered Comments on some new areas of 
technology are also presented L.S. 


N81- 17999*# Pratt and Whitnay Aircraft. East Hartford. Conn 
Commarcial Product! Div 

VARIABLE STREAM CONTROL ENGINE FOR ADVANCED 
SUPERSONIC AIRCRAFT DESIGN UPDATE c07 

Richard 8 Hunt and Robert A Howlett In NASA Langley 
Reeaarch Canter Supersonic Cruise Ras 1979. Pt 1 Mar 
1980 p 347 370 refs (For primary document tee N81 17981 
09 01) 

(Contract NAS3 21389) 

Avail NTIS >C A23/MF A01 CSCL 21E 

The updating of the engine concept for a second generation 
supersonic transport, the variable stream control engine (VSCE). 
in terms of mechen.cxl design definition and estimated perfor- 
mance is discussed The design definition reflects technology 
advancements that improve system efficiency, durability and 
environments were established The components unique to the 
VSCE concept, a high performance duct burner and a low noise 
cuannular nozzle and the high temperature components are 
identified as critical technologies Technology advances for the 
high temperature components (mam combustor and turbines) are 
also discussed To address the requirements in this area, the 
technical approach for undertaking a high temperature validation 
program is defined The multi-phased effort would include assorted 
ug and laboratory tests then culminate with the demonstration 
of a flight type mam combustor and single-stage high pressure 
turbine at operating conditions envisioned for a VSCE MG 


NS1-17997*ii( Prer and Whitney Aircraft Ee** Hertford Conn 
Commercial Products Oiv 

PROGRESS WITH VARIABLE CYCLE ENGiNES c07 

John S Westmoreland In NASA Langley Research Center 
Supersonic Cruise Res 1)79. Pt 1 Mar 1980 p 371-390 
refs (For primary document see N81 17981 09 01) 

(Contracts NAS3 20048 NAS3 20061 NAS3-20602) 

Avail NTIS HC A23/MF A01 CSCL 21 E 

The evaluation of components of an advanced propulsion 
system for i future supersonic cruise vehicle is discussed 
These com onents. a high performance due* burner for thrust 
augmentati m and a low |et noise coannuiar exhaust nozzle, are 
part of tfv variable stream control engine An experimental test 
program nvolving both isolated component and complete engine 
tests was conducted for the high performance low emissions 
duct burner with excellent results Nozzle model tests were 
completed which substantiate the inherent iet noise benefit 
associated with the unique velocity profile possible of a coannuiar 
exhaus nozzle system on a variable stream control engine 
Additional nozzle model performance tests have established high 
thrust efficiency levels at takeoff and supersonic cruise for this 
nozzle system Large scale testing of these two critical components 
is conducted using an F 1 00 engine as the testbed for simulating 
the variable stream control engine M G 


N91-22012*# Nielsen Engineering and Research Inc . Mountain 
View Calif 

A RAPID PERTURBATION PROCEDURE FOR DETERMIN- 
ING NONLINEAR FLGW SOLUTIONS: APPLICATION TO 

TRANSONIC 7URSOMACHINERV FLOWS Final Report 

Stephen S Stahsra James P Elliott and John R Spreitar 
Washington NASA May 1981 96 p rc*s 
(Contract NAS3-2063RI 

(NASA CR-3426 NEAR-TR 227) Avail NTIS 

HC A06/MF A01 CSCL 200 

Perturbation procedures and associated computational codes 
for determining nonlinear flow solutions wsre developed to 
establish a method for minimizing computational requirements 
associated with parametric studies of transonic flows in 
turbomachines The procedure that was developed and evaluated 
was found to be capable of determining highly accurate 
approximations to families of strongly nonlinear solutions which 
era either continuous or discontinuous and which represent 
variations m some arbitrary parameter Coordinate straining is 
employed to account for the movement of drycontmuitiee and 
maxima of high gradient regions due to the perturbation The 
development and results reported are for the single parameter 
perturbation problem Flows pest both isolated airfoils and 
compressor cascades involving a wide variety of flow and geometry 
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parameter change* ate reported Attention te focused m particular 
on tranaonre (low* which are strongly lupetcntical and eshitott 
large endecs shock movement over the paremetnc range ttudted 
and on eubeomc flow* which ditplay large preeeure variations in 
the atagnation and peak auction preaaure regiona Comparisons 
with the corresponding a meet nonlinear solutions indicate a 
remarkable accuracy and range ol validity ol such a procedure 

JM S 
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02 AERODYNAMICS 

Includes aerodynamics of bodies combinations wings 
rotois and control surfacas and mtamal flow in ducts 
and tuibomachmary 

For islatad infoimation see also 34 fluid Mechanics 
and Heat Transfer 


NB1 13019*1 National Aeronautics and Spaca Admimstiation 
Lewis Research Center Cleveland Ohio 

NASA CONTRIBUTIONS TO RADIAL TURBINE AERODY- 
NAMIC ANALYSES 

Anhui J Classman 1980 20 p isfs Piesentad at Automotive 
Technol Develop Contiactoi Coord Meeting. Dearborn Mich 
1113 Nov 1980 

INASATM 81844 E 9356 II Avail NTIS HC A02/MF A01 
CSCL 31 A 

A brief descnption of the ledial turbine and ns analysis needs 
is followed by discussions of five analytical areas design geometry 
and performance off design performance blade row flow scroll 
flow and duct flow The functions ol the programs areas of 
applicability and limitations and uncertainties are emphasised 
Both pest contributions and current activities are discussed 

Author 


NS1-14877*# National Aeronautics and Space Administration 
Lewis Research Centar Cleveland Ohio 

FINITE ELEMENT ANALYSIS OF INVISCID SUBSONIC 
BOATTAIL FLOW 

R V Chima and P M Gerhart I Akron Umv Ohio! 1981 16 p 
refs Presented at the Nineteenth Aerospace Sci Meeting 
St Louis 12 IS Jan 1981 sponsored by Am Inst of Aeronautics 
and Astronautics 

(NASA TM 816S0 E 6511 Avail NTIS HC A02/MF A01 CSCL 
01 A 

A finite element code lor analysis of inviscid subsonic flows 
over arbitrary nonlifting planar or axisymmetric bodies is described 
The code solves a novel primitive variable formulation of the 
coupled irrotationality and compressible continuity equations 
Results for flow over a cylinder a sphere and a NACA 0012 airfoil 
verify the code Computed subcnticel flows over an amsymmetric 
boattailed afterbody compare well with finite difference results 
and experimental data Interative coupling with an integral 
turbulent boundary layer code shows strong viscous effects on 
the inviscid flow Improvements in code efficiency and esten 
sions to transonic flows are discussed Author 


NS1 1497S*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
SUPERSONIC STALL FLUTTER OF HIGH SPEED FANS 
J J Adamcxyk W Stevens and R Jutras (GE Co Evendale 
Ohio) 1981 15 p refs Proposed for presentation at 26th 

Ann Intern Gas Turbine Conf Houston 8 12 Mar 1981 
sponsored by Am Soc of Mach Engt 

(NASA TM 81613 E 6121 Avail NTIS HC A02/MF A01 CSCL 
01 A 

An analytical model is developed for predicting the onset of 
supersonic stall bending flutter in emal flow compressors The 
analysis is based on a modified two dimensional compressible 
unsteady actuator disk theory It is applied to a rotor blade row 
by considering a cascade of airfoils whose geometry and dynamic 
response coincide with those of a rotor blade element at 
85 percent of the span height (measured from the hub) The 
rotor blades are assumed to be unshrouded 1i e free standmgl 
and to vibrate in their first flexural mode The affects of shock 
waves and flow separation are included in the model through 
quasi steady ampincal rotor total pressure loss and deviation 
angle correlations The actuator disk model predicts the unsteady 
aerodynamic force acting on the cascade blading as a function 
of the steady flow field entering the cascade and the geometry 
and dynamic response of the cascade Calculations show that 
the present model predicts the existence of t bending flutter 
mode at supersonic inlet Mach numbers This flutter mode is 
suppressed by increasing the reduced frequency of the system 


or by reducing the steady stats aerodynamic loading on the 
cascade The validity of the model for pradiciHt,; flutter is 
demonstrated by correleting the measured flutter boundary of a 
high speed fan stage with its predicted boundary This correlation 
usas a level of damping for the blade tow (i e the log decrement 
of the rotor system) that is estimated from the experimental 
flutter data The predicted flutter boundary is shown to be in 
good agreement with the measured boundary Author 


N81- 14979*# National Aeronautics and Space Admimstiation 
Lewis Research Center Cleveland Ohio 

SOLUTION OF PLANE CASCADE FLOW USING IMPROVEO 
SURFACE SINGULARITY METHODS 

Eric R McFarland 1981 14 p refs Presented for presentation 

at 26th Ann Intern Gas Turbine Conf Houston 8-12 Mar 

1981. sponsored by Am Soc of Mech Engr 

INASA TM 81589 E 5681 Avail NTIS HC A02/MF A01 CSCL 

01A 

A solution method was developed for calculating compressible 
inviscid flow through a linear cascade of arbitrary blade shapes 
The method uses advanced surface singularity formulations which 
were adapted from those in current external flow analyses The 
■esulting solution technique provides a fast flexible calculation 
tor fluws thro <qh turbomachinery blade rows The solution method 
and some examples of the method s capabilities are presented 

Author 


N81 -2 1027*| National Aeronautics and Space Administration 
Langley Research Center Hampton Va 

FLUID MECHANICS MECHANISMS IN THE STALL 
PROCESS OF HELICOPTERS 

Warren H Young. Jr Mar 1981 12 p refs Presented at 

Svmp on Numerical and Phys Aspects of Aerodyn Flows. Long 
Beach Calif 10-21 Jan 1981 Prepared in cooperation with 
Army Aviation Research and Development Command. Hampton 

Va 

INASATM 81966 USAAVRADCOM TR-S1 8 1) Avail NTIS 
HC A02/MF A01 CSCL 01A 

Recent expenmental results from airfoils in the Mach number 
Reynolds number or reduced frequency ranges typical of helicopter 
rotor blades have identified the most influential flow mechanisms 
m the dynamic stall process The importance of secondary shed 
vortices downstream wake action, and the flow in the sepa 
>atad legion is generally acknowledged but poorly understood 
By means of surface pressure cross-correlations and flow flak) 
measurements in static stall several new hypotheses have been 
generated It ts proposed that vortex shedding may be caused 
by acoustic disturbances propagating forward in the lower 
(pressure) surface boundary layer, that wake closure is a misnomer 
and that the shed vortex leaves a trail of vorticity that forma a 
turbulent free shear layer The known dynamic stall flow 
mechanisms are reviewed and the potential importance of recently 
proposed and hypothetical flow phenomena with respect to 
helicopter blede aeroelastic response ere assessed J 0 H 


N81 2102S*| National Aeronautics and Space Administration 
Lewis Research Canter Clev* ,nd Ohio 

LOW ANO HIGH BREED FROFELLERS FOR GENERAL 
AVIATION PERFORMANCE POTENTIAL AND RECENT 
WIND TUNNEL TEST RESULTS 

Robert J Jerscki and Glenn A Mitchell 1981 29 p refs 

Presented at the Natl Business Aircraft Meeting Wichita Kan 
7 10 Apr 1961. sponsored by SAE 

(NASA TM 81745 E 799) Avail NTIS HC A03/MF A01 CSCL 
01 A 

The performance of lower speed 6 foot diemeter model 
generel aviation propellers was testad in the Lewis wind tunnel 
Performance was evaluated for various levels of airfoil technology 
and activity factor The difference was associated with inadequate 
modeling of blade and spinner losses for propellers round shank 
blade designs Suggested concepts for improvement are 
(1) advanced blade shapes (airfoils and sweepl 121 tp devices 
iproplets) (31 integrated propeller/ nacelles and 141 composites 
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Several advanced aerodynamic concept* were evaluated m the 
Lewie wind tunnel Result* show that high propeller performance 
can be obtained to at laaat Mach 0 ■ E A K 


MI-22017*! National Aeronautic* and Space Administration 
Lewis Research Center. Cleveland Ohio 
IMPROVED MCTHOO FOR CALCULATING TRANSONIC 
vtLoernis on riadi toslade strcam surfaces 

OF A TURBOMACHINf 

Jerry R Wood Apr 1SS1 2B p refs 

INASA-TP-1772. E-12S) Avail NT1S HC A03/MF A01 CSCL 
01A 

A method was developed to improve the accuracy of an 
eueting computer program uaed to calculate treneomc velo c ities 
on a bledeto-biade surface of a turbo machine The method 
eliminate* problem* encountered in obtaining solutions with the 
velocity gradient aquation when large gradients in velo c ity occur 
through the Mads row With the improved method, result* indicate 
that the transonic solution can be obtained by scaling the velocities 
obtained at the reduced mass flow rat* where all velocities are 
subsonic thereby eliminating the need for a solution of the velocity 
gradient aquation Solutions obtained with the scaling method 
on a two dimensional compressor cascade and an anal turbine 
stator show good agreement with asperimental data The results 
obtained for the stationary blade rows and comparison of analytical 
results obtained with and without the present method suggest 
that the method wilt yield an improved solution for centrifugal 
compressor impellers Author 


M1-2S0M*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
SHOCKLf SS DESIGN ANO ANALYSIS OF TRANSONIC 
BLADE SHAPES 

Diordte S Oulikrevich and Helmut Sobreceiy (DFVLR) 1981 
13 p refs Presented at the 14th Fluid ant Plasma Dyn Conf 
Palo Alto. Calif 23 26 Jun 1981 aponscrad by the American 
Inst of Aeronautics and Astronautics 

(NASA-TM-82611. E 681) Avail NTIS HC A02/MF A01 CSCL 

01A 

A fast computer program was developed to eliminate the 
shocks by slightly altering portions of the contour of a given 
airfoil in the cascade The program can be used in two basic 
modes 1 1) An analysis for steady transonic, potential flow through 
a given planar cascade of airfoil* and 121 a design lor converting 
a given cascade into a shock less transonic cascade The design 
mods can automatically be followed by the analysis mode, 
which confirm* that the flow held is shock free The program 
generate* its own multilevel boundary conforming computational 
grids and solves a full potential equation m a hilly conservative 
form The shockless design is performed by implementing 
Sobreciky s fictitious ges elliptic continuation concept E A K 


N81 -27041*1 National Aeronautic* and Space Administration 
Lewis Research Center Cleveland Ohio 

LASER VELOCIMETER FLOW FIELD MEASUREMENTS OF 
AN ADVANCED TURBOPROP 

J S Seiahni J P Sullivan IPuiduo 'Jniv West Lafayette Ind I 
and H E Neumann 1981 31 p iet< Presented at the 17th 

Joint Propulsion Conf Colorado Springs 27 29 Jul 1981 
sponsored by AIAA SAE and ASME 

(NASA TM 82877 E 9*H Avail NTIS HC A03/MF A01 CSCL 
01 A 

Non intrusive measurements of velocity about a spinner 
propeller nacelle configuration at a Mach number ot 0 B were 
performed A laser velocimetet specifically developer! for these 
measurements in the NASA Lewi* 8 loot by 6 loot Supersonic 
Wind Tunnel was used to measure the flow I hi Id ol the 
advene ed swept SR 3 turboprop The laser veloci meter uses an 
argon ton las*' and a 2 color optics system to allow simultaneous 
measurements of 2 comoone. 1 t* ol velocity The asisymmetnc 
nature of the propeller nacelle how field permits two sepsrat* 
2 dimensonel measurements to be combined into 3 dimensional 
velocity data Presented are data ahead of and behind the prop 


blade* and also a limited set in between the blsdst Aspects of 
the observed flow-field such as tha tip vortas are discussed 

Author 


NB1 27042*1 National Aeronautics * r J Space Administration 
Lewi* Research Center Cleveland Ohio 
FACTORS INFLUENCING THE PREDICTED PERFORMANCE 
OF ADVANCEO PROPELLER DESIGNS 

Lawranca J Bober and Li-Ko Chang (Purdue Univ Lafayette. 
Ind I 1981 20 p ref* Presented at tha 17th Joint Propulsion 
Conf Colorado Springs Colo 27-29 Jul 1981. sponsored by 
AIAA. SAE and ASME 

(NASA TM 82876 E 942 AIAA Paper 81 15641 Avail NTIS 
HC A02/MF A01 CSCL 01A 

The assumptions on which conventional propeller aerodynamic 
performance analyses are based can be seriously violated when 
advanced high spaed propellers are analyzed Studies were 
performed using a lifting line representation loi the propeller to 
datarmma the sensitivity ol predicted propeller performance to 
various assumptions m the analysis Items studied include the 
method ol determining blade section lilt and the effects ol blade 
section drag camber and blade sweep Tha effects of nonuniform 
flow into the propeller and compressibility war* also studied 
Comparisons of analytical and asperimental results are presented 
to demonstrate the overall validity of the results Author 


NS1 -2S083*| National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Oh. 

COLD-AIR PERFORMANCE OF COMPRESSOR DRIVE 
TURBINE OF DEPARTMENT OF ENEROV UPGRADED 
AUTOMOBILE GAS TURBINE ENGINE 1: VOLUTE- 

MANIFOLD AND STATOR PERFORMANCE 

Richard J Roelke and Jeffrey E Haas (Aimy Aviation Research 
and Development Commend) Jun 1981 17 p refs 

iContrsct EC 77 A-31 10111 
(NASA TM 82682 DOE/ NASA/ 101 1 -34 E-672. 

AVRADCOM TR-BO C 201 Aveil NTIS HC A02/MF A01 CSCL 
01 A 

The aerodynamic performance of the inlet manifold and 
stator assembly of the compressor drive turbine was espenrrentally 
determined with cold an as the working fluid The investigation 
included measurements of mas* flow and staid -sail fluid torque 
as well as radial surveys of total pressure end flow angle at the 
stator inlet and annulus surveys of total pressure and flow angle 
at the stator aait The stator -esit after mi >*d flow conditions ;nd 
overall stator efficiency were obtained and compared with then 
design values and the * uperi mental results from three othei stators 
In addition an analysis was made to determine the constituent 
aerodynamic losses that made up the stator kinetic energy loss 

Author 


N81 -18084*1 National Aeronauts* and Space Administration 
Lewis Research Center. Cleveland Ohio 
LOME ASPECTS OF CALCULATING FLOWS ABOUT 
THREE DIMENSIONAL SUBSONIC INLETS 

H C Kao 198 1 20 p refs Presumed at the 17th Joint 

Propulsion Co-:f. Colorado Springs Colo 27 29 Jul 1981 
sponsored by AIAA SAE and ASME 

(NASA TM S267B E 9411 Avail NTIS HC A02/MF A01 CSCL 
01 A 

Based on the potential flow model computations were earned 
out for various thrae-dirr.snsional mist models Some of thee* 
calculated results are presented m the forms of surface static 
pressure flp--. angularity surface flow pattern and inlet flow 
held Comparisons with asperimental data ar* also mad* M G 


NS 1-31 126*f National Aeronautics and Spec* Administration 
Lewis Research Center Cleveland Ohio 

STALL FLUTTER EXPERIMENT IN A TRANSONIC OSCIL 
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LATINO UNf AN CASCADE 

Donald R Bold man. Alvin E BuggaN. n.‘ Georg# M Michalaon 
IBB I IB p tah riaaaritad at Wim Ann Moating of ttw 

Am Soc of Mach Engr. W#if -mon ft, IB-20 Nov 1SB1 

INASA-TM-fT655 E-818) Avail NTlS A02/MF A01 CSCL 
01A 

Two dimensional biconvex anfoMa war* v.iliatad at reduced 
fraquanciaa up to 0 6 baaad or. semi-chord .nd a fraa atraam 
Mach numbar of 0 80 to aimulata 'anionic stel> fluttar In rotora 
Steedy-steta panodicitv was confirm* ’ through esdwall praaaura 
m sesurements. exit flow travaraaa. and flow vinuaiiietion Tha 
innal flew viaualuation raiulti from f’"ttar taut* mdicatad that 
tha oscillating shock on tha airfoils lagged tha airfril motion by 
aa n uch aa BO dog Theee initial data exhibited an appreciable 
amount of scatter, however, a linear fit of tha results mdicatad 
that tne greatest shock phase lag occurred at ■ pe rtrva mterblede 
phaaa angle Photographs of tha steady-state and uneteedy flow 
fields reveal soma of tha features of th . lambda shock wave on 
tha suction . urface of tha sirtoili T M 


NB1-11 12B*| National Aartvautics and Space Administration 
Lawn Raaaarch Canter. Oevoiand Ohm 

0RID3O: COMPUTER PROOF.; M FOR FAST GENERATION 
OF MULTILEVEL TMREF DIMENSIONAL BOUNDARY 
CONFORMING O-TYP' COMPUTATIONAL ORIOS 

Diordja S Oulikravich bap 1B r .Ip refs 
INASA-TP-1B20 E-6B0I Av NTlS HC A02/MF A01 CSCl 
01A 

A fas’ xpenthm wes developed fnr ac-urataly generating 
boundary •: ..iformittg. three-Jimeneio.sal consecutively refined 
compu' ational nnd< applicable to arbiti.- *mg body and axial 
terbomachinary geometries the method is based on using an 
analytic function to ganarata two dimensional grids on a 
number of coaxial axisymmetnc surfaces positioned between tha 
centerborty and tha otter radial boundary These grids are of 
tha C type and are cnaracterued by quasi- orthogonality geometric 
periodicity, and an adequate reeoiution throughout tha flow field 
Because tha built-in nonorthogonal coordinate stretching and 
shearing causa tha gnd lines leaving tha Made or wing trading 
edge to and at downstream infinity tha numerical treatment of 
ti-a three-dimensional trading vortex sheets is simplified Author 


N81-3112S*# National Aeronautics and Space Administration 
Lewis Raaaarch Center Cleveland Ohm 

SURROGATE -EQUATION TECHNIQUE FOR SIMULATION 
OF STEADY INVISCID FLOW Final Report 

Gary M Johnson Washington NASA Sap 1BB1 40 p refs 
(NASA TP- 1866 E-5S3I Avail NTlS HC A03/MF A01 CSCL 
01A 

A numerical procedure lor tha iteratrve solution of inviaetd 
flow problems is described and its utility for the calculation of 
steady subsonic and transonic flow fields is demonstrated 
Application of tha surrogate aquation technique defined herein 
allows tha formulation of stable fully conservative, type dependant 
finite difference aquations for usa m obtaining numerical solutions 
to systems of first order partial differential equations, such as 
the steady state Euler equations Steady two dimensional solution* 
to the Euler equation* for both subsonic rotational flow and 
supersonic flow and to the small disturbance equations for 
transonic flow are presented Author 


A81 11646* Optimum wbsomc. high angle-of attack na 

cal 1st R A Luidens. N 0 Stockman, and J H Diednch (NASA. 
Lawn Resesicn Canter. Clavelsnd. Ohio! In International Council 
of the Aeronautical Sciences, Conqrets. 12th. Munich, West Germs 
ny. October 12 17. 1980. Proceeding IA81 1 1601 02 01 1 New 
York. Amencen Institute of Aeionaulics and Astronautics, Inc.. 
I960 p *30 641 16 reft 

Many proposed advanced aircraft but especially tilt nacelle, 
subsonic cruise. V ST0L aircraft require nacelles that operate over 
a wide isnge of aerodynamic conditions The optimum design of 
such nscelm and their inlets is described, including how the inlet 


low-speed design conditions are selected, the conditions for which 
the various regions of the inlet are designed, and appropriate criteria 
of merit. For low-speed operation the optimum internal surface 
velocity distributions and skin friction distributions are described for 
thrse categories of inlets (hose without boundary layer control 
IBLCI. those with BLC. and those with blow in door slob and 
retractable slats. Experimental results are presented that show the 
performance of the various types of inlets. At cruise speed the effect 
of factors that reduce the nacelle external surface area and the local 
skin friction is illustrated These factors are cruise Mach number, 
inlet throat si re, fan face Mach number, and nacelle contour. The 
interrelation ol these cruise r eed factors with the design require 
ments for good low-speed pert- ' mance is discussed. Tinally an inlet 
design without BLC and an optimized inlet design with slots and slats 
are compared to illustrate the possible reductions in nacelle size. 

(Author) 


AB1-17S62 * 4 Inlet flow distortion in turbomachinery. B. S. 

Seidel. M. D. Matwey (Delaware, University. Newark, Del.), and .!. 
Adame* yk (NASA. Lewis Research Center, Cleveland. Ohio). A neri 
can Soc it y of Mechenicel Engineers. Gas Turbine Conference end 
Protects Show. New Orleens. Le., M er. 10-13, 1980. Peper 
80 GT 20 6 p. 12 refs Members. SI. 50; nonmembers. S3 00. Grant 
No. NsG 318B. 

A single stage axial compressor with d storted inflow is studied. 
The inflow distortion occurs f*r upstream and may be * distortion ‘n 
stagnation temperature, stagnation pressure or both The blade rows 
are modeled as semi actuator disks Losses, quasi steady deviation 
angles, and reference incidence correlations are included in the 
analysis. Both subsonic and tran . jfuc relative Mach numbers are 
rorsiuered. * parameter study is made to d#»*rmin# -i e influence of 
such vanabi s as Mach number and swirl angle on the attenuation of 
the distortion. (Author) 


A81 -20703 * * Three-dimensional turbulent boundary layer 
development and separation in V/STOL angina inlets at incidence 
with small-cross flow and curvature influence*. 0 C Chou. Z.-J. 
Yang (New Mexico. Univers.*y. Albuquerque. N Mex.l, R W 
Luiden, and N. O. Stockman (NASA. Lewis Research Center. Wind 
Tunnel and Flight Dnr.. Cleveland. Ohio) Amticen Institute of 
Aeroneutics end Astroneutx s. Aerospace Sciences Meeting. 19th. St 
Louis. Mo.. Jen 1315. 1981. Peper 810354 12 p. 33 refs 

The study concerns the influence of the three-dimensional cross 
flows on the compressible turbulent boundary lever development 
and flow separation prediction around V/STOL engine inlets at high 
incidence The governing equations for the three-dimensional bound 
ary layer flow with small-cross approximation are solved numerically 
on an intrinsic streamline coordinate system. Results are presentad to 
illustrate the effects of small cross-flow, compressibility arid stream 
line curvatures on the flow Comparisons of the results with the wind 
tunnel data for scaled model and with data obtained from another 
existing compressible axisymmetnc turbt. lent boundary layer scheme 
are included in the analysis (Author) 


AS1-207B2 * » Tha experimental verification of a streamline 
curvature numerical analysis method applied to the flow through an 
axial flow fan. M J Pierrga (NASA. Lewis Research Center. 
Cleveland. Ohio) Amticen Institute of Aeroneutics end Astroneu 
Ires. Atospece Sciences Meeting. 19th. St Louis. Mo . Jen 13 15. 
1981. Peper 810363 10 p 7 refs Navy supported lesearch 

The experimental verification of an mvitcid. incompressible 
through flow analysis method » presented The primary component 
of this method is an axisymmetnc streamline curvature technique 
which is used to compute the hub to tip How field of a given 
turbomachm* To analyze the flow field m the blade to blade plane 
of the machine, the potential flow solution of an infinite cascade of 
airfoils is aho computed using a source model technique To verify 
the accuracy of such an analysis method an extensive espenmental 
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verification investigation wn conducted in<nq an axial flow research 
tan Detailed surveys ol the blade tiee region* ol the - achme along 
with intra blade surveys using rotating pressure tenting probet and 
blade turtace ttatic pretture tapt provide a one to one relatiomhip 
between meaaured and predicted data The retultt ol thu inveitiga 
tun indicate the ability ol thn invitcid analysis method to predict 
the deugn flow field of the axial flow fan tett rotor to within a few 
percent of the meatured value* (Author) 


A81 20830 * a Mean rotor wake charactenrtici of en aero- 
dynamically loaded 0.6 m diameter fan. L. M Shaw and F. W Glater 
(NASA. Lewn Retearch Center. Cleveland, Ohio). nmencen Institute 
ot Aeroneutict end Astroneutict, Aerospece Sciences Meeting. 19th, 
St. Lou it. Mo.. Jen. 12-15. 1981 . Peper 81 0208 16p 16 reft 

Mean rotor wake propertiet at teverai downitream dittancei 
behind the rotor of a loaded 1.2 pretture ratio fan were meatured 
with a crott film anemometer in an anechoic wind tunnel. Mean 
wake character istics in the midtpan and near tip region were 
determined utilizing an entemble averaging technique The upwaih 
and itreamwne component! of the velocity behind the rotor indicate 
a complex ttructure tuperimpoted on the major velocity defects at a 
downitream spacing of 0.5 rotor chords. Spectral analysis indicates 
high levels of the second and fourth harmonics of the blade passage 
frequency in ‘he midtpan region while the blade passage frequency 
and its second and third harmonic are predominant in the tip region. 

(Author) 


AB1 -20631 * a Finite element analysis of invitcid subsonic 
boattail flow. R V Chime (NASA. Lewis Research Center, Cleve 
land, Ohio) and P. M. Gerhart (Akron. University, Akron, Ohio). 
Amencen ,'nstitute ot Aeroneutict end Attroneutict. Aerospece 
Sciences Meeting. 19th, St. Louis. Mo.. Jen. 12-15. 1981. Peper 
81-0276 16 p. 32 refs. Grants No DAHCO! 75 G 0026. No. 
DAAU29 77 G 0030. 

A finite element code for analysis of invitcid subsonic flows over 
arbitrary noniiftmg planar or axisymmetric bodies is described. The 
code solves a novel primitive variable formulation of the coupled 
irrotationality and compressible continuity equations. Results for 
flows over a cylinder, a sphere, and a NACA Of 12 airfoil verify the 
code. Computed subcntical flows over an axisymmetric boattailed 
afterbody compare -r-ell with finite difference results and expenmen 
tal data Iterative coupling with an integral turbulent boundary layer 
code shows strong viscous effects on the inviscid flow Improvements 
in code efficiency and extensions to transonic flows are discussed. 

(Author) 


AB1-21212 * Calculation of the flow field in supersonic 

inlets using a bicherecteristics method with shock wev« fitting. J. 

Vadyak. J. 0 Hoffman (Purdue University. West Lafayette. Ind.), 
end A. R. Bishop (NASA. Lewis Research Center. Cleveland, Ohio). 
In: International Conference on Numerical Methods in Fluid 
Dynamics. 6th. Tiflu. Georgian SSR. June 21 24, 1978, Proceedings 
(A81 211690702) Berlin. Sponger Vei lag. 1979. p 523 529 B refs. 
Grants No NCR 15 005 162. No NGR 16 005 191 

The results of weakly viscous flow analysis are presented. The 
flow field, including molecular transport, is computed with the aid of 
a bicharactenttic method The bow shock weve and the internal 
shock wave are computed with the aid of a three-dimensional shock 
wave fitting procedure Characteristic equations are presented, and 
numerical integration procedure n discussed Here, an inverse 
marching scheme is employed in which the solution is obtained on 
space like planes of constant x and on space curves defined by the 
intersections of the internal shock wave with the solid boundaries 
The d stance between solution planet it vnvsd at by the Cou'ant 
Friedrichs Lewy stability criterion CR 


A81 29114 * • Flow seperation in nlets et incidence engiet 

A. K. Jakubowski (Virginia Polytechnic Institute and State Umwrti 
ty, Blacksburg, Va.) and R. W. Luident NASA, Lewis Reseaich 
Cartel, Cleveland. Ohio). In International Symposium on Air 
Breathing Engines, 5th, Bangalore, India, February 1622. 1981, 
Procredings. Symposium sponsored by ICAS, AIAA, UNESCO, et al. 
Bangalore. India, National Aeronautical Laboiatory, 1981 13 p 13 
refs. Grant No NsG 3073. 

Wind-tunnel pressure data and flow pictures obtained for two 
two-dimensional inlet models have been exr mined to study the 
internal flow structure and separation at large incidence angles The 
inlet models were 12-in. high (diffuser exit heightl and had internal 
contraction ratio of 121 end 1.17. They were tested at low forward 
speeds over a wide range of throat Mach numbers (inlet mass flow 
lates) and angles of incidence. Characteristic features of the internal 
flow such as a drastic change of pressure gradient near the highlight, 
local separation ixibbles and shock /boundary layer interactions have 
been indicated and discussed. For a tew specific cates, the experi 
mental surface pressurv distributions have been compared with 
theoretical predictions. (Author) 


AS 1 29979 * * Full potential solution of a transonic quasi 3 D 
flow through a cascade using ertificiel compressibility. C. Farrell and 
J. Adamczyk (NASA, Lewis Research Center, Cleveland. Ohio). 
Amencen Society of Mechenicel Engineers. Get Turbine Conference 
end Products Show. Houston, Tex., Mer 9 12. 1981. Peper 
81-GT-70. 1 1 p 12 refs. Members, S2.00. nonmembers, $4 00 

A reliable method it presented for calculating the tlowfield 
about a cascade of arbitrary 2-D airfoils The method approximates 
the three-dimensional flow in a turbomachinery blade row by 
correcting for streamtube convergence and radius change in the 
throughflow direction. The method is a fully conservative solution of 
the full potential equation incorporating the finite volume technique 
on a body fitted periodic mesh, with an artificial density imposed in 
the transonic region to ensure stability and the capture of shock 
waves. Comparison of results for severe 1 supercritical blades shows 
good agreement with their hodograph solutions Other calculations 
fo. these profiles at well as standard NACA blaoe sections indicate 
that this is a useful scheme for analyzing both the design and 
off-design performance of tutbomachmery blading I Author I 


A81 -30068 * 0 Solution of plane cascade flow using improved 
surface singularity methods. E. R. McFarland (NASA. Lewis Re 
search Center. Cleveland. Ohio). Amencen Society of Mechenicel 
Engineers. Get Turbine Conference end Products Show. Houston 
Tex.. Mer 9 12. 1981. Peper 81 GT 169 9 p. 13 refs Members 
$200. nonmembers. $4 00 

A solution method has been developed for calculating compress 
ible invitcid flow through a linear cascade of arbitrary blade shapes 
The method uses advanced surface singularity formulations which 
were adapted from those found in _rrent external flow analyses 
The resulting solution technique provides a fast flexible calculation 
fo* flows through turbomachinery blade town The solution method 
and tome examples of the method's capabilities are presented. 

(Author) 


AB 1-39674 * » Application of unsteady airfoil theory to 
rotary wmp K R V. Kars (NASA. Lewis Research Canter. 
Cleveland. Toledo, University. Toledo. OH) and R G Kvaten.ik 
(NASA. Langley Research Center. Hampton. VA! Joumef ot 
Aircrett vol 18. July 1981, p 604. 606 5 refs 

A clarification is presented on recent work concerning the 
application of unsteady airfoil theory to rotary wings The apolica 
lion ot this theory may be seen as consisting of tour steps 111 the 
selection of an appropnate unsteady airfoil theory. (2) the resolution 
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ol that velocity which it the resultant ot aerodynamic amt dynamic 
velocities a< a point on the flattie amt into radial. tangential and 
perpendicular romponenti. and the angulai velocity ot a blade 
tec I ion about the detoimed amt. (31 the expression of lift ard 
pitching moment! in teimt ot the thief components, and (4) the 
dentation of explicit expressions toi the component! in teimt of 
flight /elocity, induced flow. 'Otot mtational tpeed. blade motion 
vat tablet, etc 0 C. 


A81 42'77 * » Some aipectt of calculating flowt about three 

dimen ti on al tubtoni: inlett M C Kao (NASA Lewi Research 
Cam tn Cleveland OHI AIAA. SAC , and ASMl Joint Propulsion 
Con trim* e I/th, Coloratlo Springs, CO. July 2/39. 1981. AIAA 
Paper 8 1 1161. 1 7 p. 10 left 

At a consequence of the gi owing inteirst in the development of 
VjSTOL aircraft technology, ellortt aie bemq made to create new 
designs tor a piopultion system which can be opeiated over a wide 
■ ange ot flight speeds, incidence angles, and throttle tellings In 
connection with these efforts, various inlet configurations have been 
proposed The high experimental costs incurred in the study ol 
venous inlet women ins. led to the employment ot a computational 
method foi the investigation ot inlets Attention is given to the 
computer program, paneling and surface static pressure, surface How 
pattern, and the inlet How Held The repotted investigation demon 
strates that useful inhumation toi initial screenings may be obtained 
from potential How calculations C» R 


A81 42210 * * Factors influencing the predicted per tor mane# 
of advanced propeller designs l J Bubei (NASA. Lewis Research 
Cental, Cleveland. OHI and L K Chang (Purdue University West 
Lafayette, IN) AIAA SAC ami ASMC. Joint Propulsion Cooler 
ence I/th, Colorado Sittings, CO. July 2/29 1981. AIAA I aper 
81 1564 19 p 9 reft 

The assumptions on which conventional propeller aerodynamic 
performance analytes aie based can be seriously violated when 
advanced high speed propellers are analyzed Studies have been 
performed using a lifting line representation tor the propeller to 
determine the sensitivity ol predicted propeller performance to 
various assumptions in the analysis Items which have been studied 
include the method of determining blade section lift and the effects 
ot blade section drag, camber and blade sweep The effects of 
nonuniforr. How into the propeller and compressibility have alto 
been studied Comparisons ot analytical and experimental results are 
presented to demonstrate the overall validity of the results (Author I 


All -422 11 * e Laser vetoermeser l ow field measurements of 

an advanced turboprop J S Seratini. H E Niumann (NASA. Lewis 
Research Center. Cleveland. OH), and J P Sullivan (Purdue 
University. West Lafayette. IN) AIAA SAC, and ASMC. Joint 
Propulsion Conlerence I/th Colorado Springs. CO. July 2/29 
1981, AIAA Patter 81 1568 29 p 18 reft 

Non intrusive measurements ot velocity about a spinner 
propeller nacelle configuration at a Mach number of 0 8 have been 
performed A later velocimetei specifically developed lor these 
measurements in the NASA Lewis 8 by 6 foot Supersonic Wind 
Tunnel was used to measure the How field of the advanced swept 
SR 3 propeller The later velocimetei t tat an argon ion later and a 
2 co or optics system to allow simultaneous measurements of 
2 components ol velocity The axaymmetnc nature ot the propeller 
nacelle flow field permits two separate 2 dimensional measurements 
to be combined into 3 dimensional velocity data Presented are data 
ahead of and behind the propeller blades and also a limited >et in 
between the blades Aspects of the observed flow field such at the tip 
vortes are discussed (Author) 


Nil -141178*# Detroit Diesel Allison Indiencpotis Ind 

EXPf RIMENTAL DETERMINATION OF UN8T8AOV BLADE 
ILIMINT AERODYNAMICS IN CASCADES VOLUME 2 
TRANSLATION MODS CASCAOf Final Report 

R E Rifle! end M 0 Rotfnock Dec 1980 183 p rets 
(Contract NASS 20085) 

(NASA CR 185188. E0R 10381 Vol 2) Avail NTIS 
HC A09/MF A01 CSCL 01A 

A two dimensional cascade ol harmonically oscillating airfoils 
wee designed to model a near tip section from a rotor which 
was known to have experienced supersonic translational model 
flutter Thtt five bladed cascade had a solidity of 1 62 end a 
setting angle of 0 BO rad Unique graphite eposy aufTtls were 
fabricated to achieve the realistic high reduced frequency level 
of 0 16 The cascade wes tested over a range of static pressure 
ratios approximating the Made element operating conditions of 
the rotor along a constant speed line which penetrated the flutter 
boundary The time steady and time unsteady flow field 
surrounding the center cascade airfoil were investigated Author 


NS 1 1 8878*# Scientific Research Associates Inc . Glastonbury 
Cam 

PREDICTION Of LAMINAR AND TURBULINT PRIMARY 
A NO 88CONOARV FLOWS IN STRONSLV CURVID DUCTS 
Final Re p o rt 

J P Krestovsky. W R Briley and H McDonald Weehsngien 
NASA Feb 1881 68 p reN 
(Contract NAS3-22014) 

INASA-CR-33S8. R80-900007 12) Avar! NTIS 

HC A04/MF A01 CSCL 01A 

The snatysa la baaed on a primary aocondory velo c ity 
decompoartion in a given eoordmata ayatam. and loada ta 
approximate governing equations which correct an a prtorf invraetd 
solution for viscous affects, secondary flows, total pleasure 
distortion heel Irena far end internet flow blo c kage end losses 
Sokition of ttw correction opuotioos it iccontpiiihcd M so inMtol 
value problem m apace using an implicit forward marching 
technique The overall solution procedure requires significantly 
less computational effort than Natner- Stokes algorithms The 
solution procedure a effective even with the extreme local mesh 
resolution which a necessary to sohrs near wall sublayer regions 
m turbulent flow calculations Computed solutions for both lammer 
and turbulent flow compered vary favorably with available 
analytical and experimental results The overall method appears 
very promising as an aconomical procedure for making detailed 
p racket ions of vwcous primary and secondary flows m highly 
curved passages T M 


A81 1 1828 ’ A rapid method tor the approximate determi 

nation of nonlinear solutions Application to aerodynamic flows S 

S Statists. J P Elliott (Nielsen Engineering and Reteaich. Inc . 
Mountain View. Calif. i. and i R Spreiter (Stanford University. 
Stanford. Calif I In International Council ot the Arionautical 
Sciences. Conr»*st. 12th Munich. West Germany. Oelobrt 12 17. 
1980 Proceedings IA8I 11601 02 01) New York. American Insti 
tute ol Avronaitics and Astronautics. Inc, 1980 p 324 337 12 
lets Connect No NAS3 20836 

A method tor determining highly accurate approximations to 
families of strongly nonlinear solutions which are either continuous 
or discontinuous, and which represent venations in some eibdrary 
parameters, it developed and evaluated The procedure consists of 
defining a unit perturbation by employing two or more nonlinesi 
solutions which differ horn one anothei by a nominal change in 
tome geometric ot flow parameter, and then uting that unit 
peflinbetion to predict a family of related non linear solutions over a 
range of parameter variation Coordinate straining it used in 
determining the unit perturbation to account tor the movement of 
discontinuities and maxima of high gradient regions due to the 
P'rtuibetmn Although the prnceduie it generally applicable, results 
are presented here for nonlinear aerodynamic applications Attention 
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it focused in particular on tiansonic Horn which aic strongly 
Winner meal and exhibit large surface shock movement over the 
paiamalnc range studied, and on subsonic (lows which display laige 
piessuie variations in tha stagnation and peak suction prtssure 
regions. Flows past both isolated airfoils and compressor cascades 
involving a variety of flow and geometry parametei changes are 
considered Comparisons with the corresponding 'exact' nonlinear 
solutions indicate a remarkable accuracy and range of validity of 
such a procedure Computational time is trivial (Authoil 


All -21 IN' Calculation of three-dimensional turbulent 

subsonic flows in transition ducts. R. Levy. H. McDonald, and W. R. 
Bnley (Scientific Research Associates, Inc., Glastonbury. Conn.). In 
Internation. I Conference on Numerical Methods in Fluid Dynamics, 
6th, Tiflis, Georgian SSR, June 21-24, 1978. Proceedings. (A81 
21169 07 02) Berlin. Springer Vetleg. 19/9. p. 361 169 10 reft. 
Contracts No. NAS3 17522. No. NAS3 19856 

A method tor computing three-dimensional turbulent subsonic 
flow m curved ducts n being developed. A set of tube- ike surface 
oriented coordinates is employed for a general class of geometries 
applicable to subsonic diffusers with offset bends The geometric 
formulation is complex and no previous treatment cf this clast of 
viscous flow problems is known tn the authors The duct centerline is 
a space curve specified by piecewise polynomials A F renet frame is 
located on the centerline at each axial location. The cross sections 
are detenhed by supeielliptes imbedded in the Frenet frame. Duct 
suitaces are also coordinate surfaces, which greatly simplifies the 
boundaiy conditions. The resulting coordinates are nonorthogonat 
An approximate set of governing equations is employed for viscous 
flows having strong flow in a primary flow direction The derivation 
is coordinate invariant and the resulting equations are expressed in 
tensor form These equations are solved by an afficient alternating 
direction implicit (ADI) method This numerical method is generally 
stable and permits solution in difficult geometries using the general 
tensor formulation. (Author) 


A8130094 • » Boundary layer development on turbine airfoil 

suction surfaces. 0. P Sharma, R A. Wells (United Technologies 
Corp., Commercial Products Dlv., East Hartford. Conn.), R H. 
Schlinker, and D. A. Bailey (United Technologies Research Center, 
East Hartford. Conn ). Americtn Society ol Mechenicel Engineer*. 
3m Turbine Conference end Products Show, Houston, Ten., Met. 
9-12, 1981. Peper 81CT204. 12 p. 20 reft. Membin. $2.00 
nonmembers. $4.00. Contract No. NAS3- 20646. 

The results of a study supported by NASA under the Energy 
Efficient Fngme Program, conducted to investigate the development 
of boundary layers under the influence of velocity distributions that 
simulate the suction sides of two state of the art turbine eirfoils, are 
presented One velocity distribution represented a forward loaded 
airfoil ('squared off ' design), while the other represented an aft 
loaded airfoil ('aft loaded’ de.ign) These velocity distributions were 
simulated m a low-speed, high aspect ratio wind tunnel specifically 
designed for boundary layer investigations. It is intended that the 
detailed data presented m this paper be used to develop improved 
turbulence model suitable tor application to turbine airfoil design. 

(Author I 
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NS116021*# National Aeronautics and Space Admmist ration 
Lawn Raaaarch Cant a r Cleveland Of no 

OZONC CONTAMINATION IN AIRCRAFT CABINS: 
RIBULTS FROM GASP OATA ANO ANALYSIS 

J 0 Holdemen and G 0 Naatrom (Control Data Corp . 
Minneapolis Mmn I 1SS1 IS p rota Froaontod at the IBth 
Aaroapaea Sci Mooting St Loom 12-16 Jan 1SS1 aponaorod 
by tho Amoncan I not of Aeronautics and Aatronoutica 
INASA-TM-B167 1 E 6B3I Avail NTIS HC A02/MF A01 C5CL 
01C 

Tho global atmoaphonc aampimg program pertaining to tho 
probtom of orono contamination m commercial airplane cabma 
to dooenbod Spocifically anafyaoa of GASF data have confirmed 
tho occurrence of high orono levoia m aircraft cabma and 
documented the ratio of atone maide and outside tho cabma of 
two B747 airliners including tho offocta of air conditioning 
modrhcationo on that ratio, defined ambiont orono climatology 
at commercial airplane cruee aln'udes including tabulation of 
encounter froquencr data which wore not available t afore GASP 
end outlined procedural for animating tho frequency of flight! 
encountering high cabin orono level! ultng climatological ambient 
orono data and verified thaea procedural ago mil cabin meaiura 
manta Author 


NB1-1B0SB*| National Aeronautict and Space Admimtuanoo 
lawia Research Canter Cleveland Ohio 
PNCUMAT1C BOOT FOR HELICOPTER ROTOR DEICING 
Bernard J Blaha end Peggy L Evanich In NASA Langley 
Raaaarch Canter The 1BB0 Aircraft Safety and Operating Probl 
Pt 2 Mar 1BB1 p 425 443 refa (For primary document ur 
NS 11 BOSS 10 031 

Avail NTIS HC A17/MF A01 CSCL 01C 

Pneumatic deicer boot! tor helicopter rotor bledei wera tailed 
The teat! wera conducted m the 6 by 9 ft icing reaea'cli tunnel 
on a iiattonary lection of a UMIM helicopter mem rotor blade 
The boon wera affective m removing ice and in reducuig 
aerodynamic drag due to ice EOF 


NS 11 BOBO* | National Aeronautic! and Space Admmiatration 
Lewie Raaaarch Center Ooveland Ohio 

AIRCRAFT OPERAT1F10 EFFICIENCY ON THE NORTH 
ATLANTIC. A CHALLENGE FOR THE IBSO'S 
Robert Sternberg In NASA Langley Raaaarch Canter I he 

1 BSO Aircraft Safety end Operating Probl Pt 2 Mar IBS I 
p 446 461 (For primary document lee N81 IBOjS 10 031 
Avail NTIS HC A17/MF A01 CSCL 01C 

A number of changei are aipected to occur in the near 
future which could hove important coneequencei lot Atlantic 
flight operation! tor the nea* da ade Theae changei are identified 
and their impact an aircraft operating efficiency n discussed 
"nautili alternative! for North Atlantic air camon are ic-ieweo 
and strategies and actions are auggeiled which may g va a 
coneiderabia impact on fuel savings for yean to come EDA 


on fen pt ongmoo end the impact of degradation reguir amenta 
on the fuel ayatem wee evaluated It wee determined hem the 
preeent program that AMK fuel cannot be ueed without 
predegrodetfon. although aome degradation occur! throughout 
the fuel Mod ayatem. eapecioliy m the fuel pumpe There » e 
tendency toward FM-B AMK addrttve agglomeration and gel 
formation when the liquid Howe at a ctKicJ velocity through 
very erne* peaoagoe The data m dicata tine phenomenon to be 
e function of the degree of degradation the peeoage aue the 
differential pre a aure. the fluid temperature and the accumulated 
flow time AddmonaPy teat reeutta indicate that the long term 
cumuletnra effect! of thle phenomenon may require more 
degradation than the theoretical ruquuyment determined from 
abort term teeta E D K 


NS1-1B072*# National Aeronautica and Space Ad -unit ration 
Lome Reeaer c h Center Cleveland Ohm 

RECENT DBVSLOPMBNTB IN AIRCRAFT 1N0INI NOISE 
RIDUCT10N TECHNOLOGY 

Jamee R Stone end Chertea E Fader In NASA Langley Raeea'ch 
Center The 1BB0 Aircraft Safety end Operating Probl Pt 2 
Mar 1BB1 p 671866 refa (For primary document aee 
NS 1 • 1 BOSS 10 03) 

Avail NTIS HCA17/MFA01 C SCL01C 

Some of die more important develop men ta and progree* in 
tot snd fan none 'eduction and flight affect! !’•* reviewed 
Eipenmenta are reported which ahow that nonaneym metric 
coennuler nozzles have the potential to reduce rat noma for 
conventional and Inverted velocity profilea It * mown that an 
improved undemanding of auppreeenre linear behavior, coupled 
with the new undemanding of fen aource none will eoon a4>w 
the tomt optimization of acouetic liner end ten deaign for low 
none It n elao ehown that fen none aource reduction concept! 
are applicable to advanced turboprope Advance! m inflow control 
device deaign are reviewed that appear to offer an adequate 
approach to the ground ai mutation of inflight fen none R C T 


N8 1 1 3078* it National Aeronautict and Space Admmiatration 
’.own Hnearch Center Cleveland Ohio 

SURVEY OF AIRCRAFT ICING SIMULATION TEST FACILI- 
TIES IN NORTH AMERICA 

William Oleen Feb 1981 26 p reft 

(NASA TM 81707 E 7361 Avail NTIS HC A03/MF A01 CSCL 

01C 

A survey wet made of the airciatt .cing simulation facilities 
m North America there aie 12 wind tunnels 2C engine teat 
•acililiei b aucraft tankers and 14 low velocity facilities that 
peiform airciatt icing teits full m part time The location .d 
via of the facility its speed and temperature tenge icin, i.ioud 
parameters, and the technical person to contact are turvvved 
Hrsjlts are presented in tabular form The cepabrlitie*. of each 
facility were estimated by its technical contact person The 
adequacy of these facilities for various types of icing tests is 
discussed S F 


NB11S0B3*# National Aeronautics end Space Admmetretion 
Lome Reeaerch Center Cleveland Ohio 

TH6 UBS OF ANT1MI8T1NO KEROSENE (AMK) IN TUR 
BOOST ENGINES 

Harold W Schmidt In NASA Langley Reeaerch Canter Tie 
i860 Aircraft SaNtv and Operating Probl Pt 2 Mar 1BS1 
p 4GB-610 (For primary document aee NS 11 6066 10-03) 

Aved NTIS HC A17/MF A01 CSCL 01C 

The effe c t of anti meting kerosene IAMLI flow cherecteretica 
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04 AIRCRAFT COMMUNICATIONS 
AND NAVIGATION 

Includes digital and voice communication with aircraft 
air navigation systems (satellite and ground based) and 
air traffic control 

For related information see also 17 Spacecraft Com 
mumcation* . Command and Tracking and 32 Communica- 
tions 


A81 -20740 * * Ozone contamination in aircraft cabins - Re- 
sults from GASP data and analyses J. 0. Holdeman (NASA. Lewis 
Research Center. Combustion and Pollution Research Branch. 
Cleveland. Ohio) and G. D. Nastrom (Control Data Corp . Minneapo 
Its. Mmn.) American Institute of Aeronautics and Astronautics. 
Aerospace Sciences Meeting. 19th. St Louis. Mo.. Jan. 12-15. 1981. 
Paper 810305 10 p. 21 refs U S. Department of Transportation 
Contract No FA78WAI-893 

The papei reviews results from the NASA Global Atmospheric 
Sampling Program IGASPI pertaining to the problem of ozone 
contamination in commercial aircraft cabins Specifically, analyses of 
GASP data have (1) confirmed the high ozone levels in aircraft cabins 
and documented the ratio of ozone inside and outside the cabins o< 
two 8747 airliners, including the effects of air conditioning 
modifications on that ratio. (2) defined ambient ozone c.imatology 
at commercial aircraft cruise altitudes, includin’; tabulation of 
encounter frequency data, and (3) outlined proced>..es for estimating 
the frequency of flights encountering high cabin ozone levels using 
climatological ambient ozone data and verified these procedures 
against cabin measurements (Author) 


A81-28682 * The coupling between flow instabilities and 

incident disturbances at a leading edge. M. E. Goldstein (NASA. 
Lewis Research Center, Cleveland. Ohio). Journal of Fluid Meehan 
ics. vol. 104. Mar 1981. p. 217 246. 25 refs. 

It is now generally agreed that an external disturbance field, 
such as an modem acoustic wave, can effectively couple to 
instabilities of a flow past a trailing edge One purpose of the presen' 
paper is to show that there are situations where a similar coupling 
can occur at a leading edge The process is analyzed and the effects 
of experimentally controllable parameters are assessed. It is impor- 
tant to account for such •«*» — mena when evaluating the effect of 
external disturbances on transition. (Author) 


N81 1 9079* 41 Rockwell International Corp . Los Angeles. Calif 

Thermodynamics Group 

LIGHT TRANSPORT AND GENERAL AVIATION AIRCRAFT 
ICING RESEARCH REQUIREMENTS Finel Report 

R K brreze and G M Clark 23 Mar 1981 348 p refs 
IContract NAS3 221861 

(NASA CR 165290 NA 81-1101 Avail NTIS 

HC A15/MF A01 CSCL01C 

A short term and a long term icing research and technology 
program plan was drafted for NASA LeRC based on 33 separate 
research items The specific items listed resulted from a 
comprehensive literature search organized and assisted by a 
compute’ management file and an industry/ Government agency 
Survey Assessment of the current facilities and icing technology 
was accomplished try presenting summaries of ice sensitive 
components and protection methods and assessments of penalty 
evaluation the experimental data base ice accretion prediction 
methods research facilities new protection methods ice 
protection requirements and icing instrumentation The intent of 
the msearch p..., r... w determine what icing research NASA 
LeRC must do or sponsor to ultimately provide for increased 
utilization and safety of light transport and general aviation 
aircraft Author 
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05 AIRCRAFT design, testing 
AND PERFORMANCE 

Includes aircraft simulation technology 
Fot misled intoimation see also 18 Spaced alt Design 
Turing and Performance and 39 Structural Mechanics 


N61 280SB*f National Aeronautics and Space Admmistiation 
l '•urns Research Center Cleveland Ohio 

f VALUATION OF A PNEUMATIC BOOT OEICINO SYSTEM 
ON A GENERAL AVIATION WING MODEL 

Alan E Albright (Kansas Unnr Lawrence) David L Kohl man 
(Kansas Unnr Lawrence) William G Schweikhard (Kansas Umv 
Lawrence), and Peggy Evanich Jun 1981 JS p rets 
(Grant NAS3 71) 

(NASA TM 62363 KU FRL 464 2) Avail NTIS 

HC A03/MF A01 CSCL 01C 

The aerodynamic characteristics ol a typical modern general 
aviation airfoil were investigated with and without a pneumatic 
boot ice protection system The ice protection effectiveness of 
the boot was studied This includes the change in drag on the 
airfoil with the boot inflated and deflated the change in diag 
due to primary and residual ice formation, drag change due to 
cumulative residual ice formation and parameters affecting boot 
effectiveness Boot performance was not affected by tunnel total 
temperature or velocity Marginal effect in performance was 
associated with angle of attack Significant effects on performance 
were caused by variations in droplet si/e LWC ice cap thickness 
inflation pressure and surface treatment T M 


AS 1 2083/ * » Icing tunnel tastt of a glycol exuding porous 

leading edge ice protect ion tystam on a general aviation airfoil D L. 

Kohlman, W G Schweikhard (Kansas. University. Lawrence. Kan ), 
and P Evanich (NASA. Lewis Research Center. Cleveland. Ohio) 
American Institute of Aeronautics and Astronautics, Aerospace 
Sciences Meeting. 19th. St. Louis, Mo., Jan T2 T5, 1981 Paper 
81 0405 10 p 

Tests weie conducted in the Icing Research Tunnel at the NASA 
Lewis Research Center to determine the characteristics of an ice 
protection system that distributes a glycol solution onto the leading 
edge of an airfoil through a porous surface material Minimum lluid 
flow rates required to achieve anti icing (no ice formation) weir 
determined lor various flight conditions and angles of attack The 
ability of the system to remove ice foimed on the airfoil before 
system activation was also investigated. (Author) 
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06 aircraft instrumentation 

Include* cockpit and cabin ditplay device* and (light 
instruments 

For related information tee alto 19 Sptcacraft Instru 
mentation and 35 Instrumentation and Photography 


NCI -31 1*0*| National Aeronautic* and Spec* Admmiatration 
Lewis Reteerch Canter. Cleveland. Ohio 

FIBER OPTICS FOR AIRCRAFT ENOINE/INLET CONTROL 

Robert J Baumbrck 1B81 13 p reft Preeanted *t the Intern 

Symp and Inatrument Ditplay. San Diego. Calif . 24-2S Aug 
1981. tpontorad by the Society of Photo-Optical Initrumentation 
Engineer* 

(NASA TM 82654 E 917) Avail NTIS HC A02/MF A01 CSCL 
01D 

NASA program* that locut on the ute of fiber optic* for 
aircraft engine/inlet control are reviewed Fiber optic* for aircraft 
control i* attractive became of it* inherent immunity to EMI 
and RFI noise Optical tignalt can be aafety transmitted through 
area* that contain flammable or explosive material* The use of 
optic* also make* remote tenting feanbie by eliminating the 
need for ete-.'ncal wire* to be connected between sensors and 
computers Using low -level optical signals to control actuator* 
is also feasible when power is generated at the actuator Each 
applicatvsn of fiber optic* for aircraft control ha* different 
requirement* for both the optical cable* and the optical 
connector* Sensor* that measure position and speed by using 
slotted plates can use lossy cables and bundle connectors if 
data transfer is in the parallel mod* If position and speed signals 
are multiplexed, cable and connector requirements change Other 
sensors that depend on changes m transmission through materials 
require dependable characteristics of both the optical cables 
and the optical connectors A variety of seneor types are reviewed, 
including rotary position encoders, tachometer*, temperature 
sensors, and bled* tip clearance sensor* for compressors end 
turbines Research on a gallium arsenide photoswitch for optically 
switched actuators that operate at 250 C is also described 

Author 


07 AIRCRAFT PROPULSION AND 
POWER 

Includes prim* propulsion systems and systems compo 
nents. eg. gas turbine engines and compressors and 
on-board auxiliary power plants for aircraft 

For related information see also 20 Spacecraft Propulsion 
and Power . 28 Propallants and Fuels. and 44 Energy 
Production and Conversion 


NB1- 10087* f National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

COMPARISONS OF FOUR ALTERNATIVE POWERPLANT 
TYPES FOR FUTURE GENERAL AVIATION AIRCRAFT 

T J Wickanheiser. G Kmp. R M Plane ner and W C. Strack 
Oct 1980 .50 p refs 

INASA-TM-81584. E-5611 Avail NTIS HC A03/MF A01 CSCL 
21E 

Hecentty completed NASA sponsored conceptual studies were 
culminated in the identification of promising new technologies 
for future spark ignition, diesel, rotary, and turbine engines The 
results of a NASA in house p-eliminary assessment study that 
compares these four powerplants types in several general aviation 
applications are reported The evaluation consisted of installing 
each powerplant type in rubberized aircraft which are sued to 
accomplish fixed missions The primary evaluation criteria include 
protected aircraft cost, total ownership cost, and mission fuel 

Author 


NS1-11037*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

LOW SPEED AERODYNAMIC PERFORMANCE OF 60 S 
CENTIMETER-DIAMETER NOISE-SUPPRESSING INLETS 
FOR THE QUIET. CLEAN. SHORT-HAUL EXPERIMENTAL 
ENGINE (QCSEE) 

John M Abbott James H Oiedrich. and Robert C Williams 
Aug 1978 37 p refs 

INASA-TP-1 1 78 E 9542) Avail NTIS HC A03/MF A01 CSCL 
21E 

Two basic inlet concepts, a high throat Mach number 10 79) 
design and a low throat Mach number 10 601 design, were tested 
with foui diffuser acoustical treatment designs that had face 
sheet porosity ranging from 0 to 24 percent for the high Mach 
number inlet and 0 to 28 percent for the low Mach number 
inlet The tests were conducted in a low spead wind tunnel at 
free stream velocities of 0. 41. and 62 m/sec and angles of 
attack to 50 deg Inlet throat Mach number was varied about 
the design value Increasing the inlet diffuser face sheet porosity 
resulted in an increase in total pressure loss in the boundary 
layer for both the high and low Mach number inlet designs, 
however the overall effect on inlet total pressure recovery of 
0 991 at the design throat Mach number, a free stream velocity 
of 41 m/sec and an angle of attack of 50 deg. Inlet flow 
separation at an angle of attack of 50 deg was encountered 
with only one inlet configuration the high Mach number design 
wilh the highest diffuser face sheet porosity 124 percent) A R H 


N81-11038*||l National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio Propulsion Lab 

OFF DESIGN PERFORMANCE LOSS MOOEL FOR RADIAL 
TURBINES WITH PIVOTING. VARIABLE-AREA STATORS 

Peter L Meitner and Arthur J Glassman Nov 1980 15 p 

refs 

(NASA TP 1708 AVRA0C0M TR 80 C-13 E 4551 Avail 
NTIS HC A02/MF A01 CSCL 2 IE 

An off design performance loss model was developed for 
variable stator Ipivotad vane) radial turbines through analytical 
modeling and expe’imental data analysis Stator loss is determined 
by a viscous loss model stator vane end clearance leakage effects 
are determined by a clearance flow model Rotor loss coefficient 
were obtained by analyzing the axpenmental data from a turbine 
rotor previously tested with six stetors having throat areas from 
20 to 144 percent of design area and wars correlated with 


stator-to-rotor throat area ratio An mc.dence loss model wee 
selected to obtain beet agreement with experimental reeults 
Predicted turbine performance is competed with experimental 
results for the design rotor as well as with reeults for extended 
and cutback versions of the rotor Sample calculations were 
made to show the effects of stator vane end-deararce leakage 

Author 


N81-1103S*||I National Aaronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

SURFACE PYROMETRY IN PRESENCE OF RADIATION 
FROM OTHER SOURCES WITH APPLICATION TO TURBINE 
SLADE TEMPERATURE MEASUREMENT 

Donald R Buchele Nov 1980 19 p refs 

(NASA-TP-1754. E-396) Avail NTIS HC A02/MF A01 CSCL 

21E 

Surface pyrometry is feasible even when the amount of surface 
radiation is excaeded by radiation from surrounding sources To 
measure and correct for this interfering radiation, several methods 
that use multiple wavelength pyrometry w ■-■e compared by an 
error anelysis For a specific application o turbine blede 
temperature measurement in a turbofan engine, a two wavelength 
method was best Auxiliary measurements at the tame wave- 
lengths substantially improve the accuracy of the method S F 


N81120S4*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
LOW-SPEED AEROOYNAMIC PERFORMANCE OF 60.S 
CENTIMETER-DIAMETER NOISE-SUPPRESSING INLETS 
FOR THE QUIET. CLEAN. SHORT-HAUL EXPERIMENTAL 
ENGINE (OCSEE) 

John M Abbott. James H Died rich, and Robot C. Williams 
Aug. 1978 37 p refs 

INASA-TP-1 178 E-9S42I Avail NTIS HC A03/MF A01 CSCL 
21E 

Two basic inlet concepts, a high throat Mach number (0 79) 
design and a low throat Mach number 10 60) design, were tested 
with four diffuser acoustical treatment designs that had face 
sheet porosity ranging from 0 to 24 percent for the high Mach 
number inlet and 0 to 28 percent for the low Mach number 
inlet The tests wi re conducted in a low speed wind tunnel at 
free stream velocities of 0. 41. and 62 m/sec and angles of 
attack to 50 deg Inlet throat Mach number was varied about 
the design value Increasing the inlet diffuser face sheet porosity 
resulted in an increase in total pressure loss In the boundary 
layer for both the high and low Mach number inlet designs, 
however, the overall effect on inlet total prasaure recovery of 
0 991 at the design throat Mach number, a free stream velocity 
of 41 m/sec. and an angle of attack of SO deg. inlet flow 
separation at an angle of attack of 50 deg was encountered 
with only one inlet configuration the high Mach number design 
with the highest diffuser face sheet porosity 124 percent) A R H 


N81 -12089*1 National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

EFFECT OF HOLE GEOMETRY ANO ELECTRIC-DISCHARGE 
MACHINING (EDM) ON AIRFLOW RATES THROUGH 
SMALL DIAMETER HOLES IN TURBINE SLADE MATE- 
RIAL 

Steven A Hippensteele and Reeves P Cochran Nov 1980 
14 p 

(NASA TP 1716 E-417) Avail NTIS HC A02/MF A01 CSCL 
211 

The sheets of two design parameters electrode diameter 
and hole angle and two machine parameters electrode current 
and current-on time on air flow rates through smell diametei 
(0 257 to 0 462 mm) electric discharge machined holes were 
measured The holes were machined individually in rows of 
14 each through 1 6 mm thick IN 100 strips The data showed 
lineai increase in air flow late with increases in electrode cross 
sectional area and current on time and little change with changes 
in hole angle and electrode current The average flow rate deviation 
(from the mean flow rate for a given row) decreased linesdy 
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with electrode diameter and increased with hole angle Burn 
time and finished hole diameter were also measured Author 


Nil- 12090* | National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
PROPULSION CONTROLS. 1979 

Oct 1980 147 p refs Proc of symp held in Cleveland. 

17-19 May 1979 

(NASA CP 2137. E 477) Avail NTIS HC A07/MF A01 CSCL 
21E 

The state of the art of multivariable engine control is examined 
in order to determine future needs and problem areas and to 
establish the appropriate roles of government, industries, and 
universities in addressing these problems For individual titles, 
see N81 12091 through N81-12104 


RSI -12091*1 National Aeronautics and Space Administration 
Le vis Research Center. Cleveland. Ohio 

MULTIVARIABLE IDENTIFICATION US-NQ CENTRAUZED 
FIXED MOOES 

Walter C Merrill In its Propulsion Controls. 1979 Oct 1980 
p 3-10 refs (For primary document see N8 1-1 2090 03 071 
Avail NTIS HC A07/MF A01 CSCl 21E 

A procedure to determine a state space model of a 
multivariable system (lambda inputs, m outputs) is presented 
The model is suitable for control studies and uses single input, 
single output (SISO) system data in the identification procadure 
The procedure can be defined in three distinct steps First, the 
system s lambda x m SISO transfer functions are identified by 
using any standard or known identification technique for SISO 
systems One obiective of this step is to identify SISO transfer 
functions with as few distinct modes as possible between any 
two functions Second, the time domain realisation of each SISO 
transf'-- function is obtained in e straightforward manner and 
com) tried into a total multivariable realisation This total realisation 
in ill probability, has more state variables than are required to 
define system response In the third step, these excess or 
redundant states are removed by using minimal realisation theory 
The remaining states are related to system centralised fixed modes 
Eigenvalue-eigenvector techniques were recently reported that 
yteld a computationally feasible solution to the problem posed 
in step three The procedure ts applied to QCSEE data to 
demonstrate its feasibility Author 


N81 - 1 2092*| National Aeronautics and Spaca Administration 

Lewis Research Center. Cleveland. Ohio 

PERFORMANCE SEEKING CONTROLS 

Kurt Seldner In its Propulsion Controls. 1979 Oct 1980 p 11-17 

refs (For primary document see N81 12090 03-07) 

Avail NTIS HC A07/MF A01 CSCL 21E 

A performance logic algorithm (PSL) was developed to 
optimise the performance of propulsion systems for component 
and sensor degradations by monitoring the performance of the 
engine system and minimising thrust specific fuel consumption 
(TSFCI while retaining a con-.tant engine net thrust Engine 
constraints such as surge margin, speed, pressure and temperature 
are observed The PSL algorithm was applied to the quiet, clean. 
Short haul axperimental engine Engine control set points were 
modified for component degradations in order to restore the 
nominel net thrust Results show convergence to the optimum 
value can be obtained within 60 to 90 seconds which makes 
the program acceptable to on line operation with present state 
of the art minicomputers Tests indicate that m most cases the 
PSL algorithm offers some improvement in thrust specific fuel 
consumption over the manual throttle A R H 


N91-12093*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
F100 MULTIVARIABLE CONTROL SYNTHESIS PROGRAM i 
A REVIEW OF FULL SCALE ENGINE ALTITUDE TESTS 

Bruce Lahtinen and James F Soeder In ns Propulsion Controls. 
1979 Oct 1980 p 20-34 refs (For primary document see 
N8 1-12090 03-07) 

Avail NTIS HC A07/MF A01 CSCL 2 IE 

The benefits of linear quadratic regulator synthesis methods 
in designing a multivariable engine control capable of operating 
an engine throughout its flight envelope were demonstrate:? The 
entire multivariable control synthesis program is reviewed with 
particular emphasis on engine tests conducted in the NASA 
Lewis propulsion systems laboratory altitude facility The 
multivariable control has basically a proportional plus integral, 
model following structure with gams scheduled as functions of 
flight condition The multivariable control logic design is de- 
scribed. along with control computer implementation aspects 
Altitude tests demonstrated that the multivariable control logic 
could control an angina over a wide rang) of test conditions 
Representative transient responses are presented to demon- 
strate engine behavior and the functioning of the control logic 

ARH 


N81-12099*# National Aeronautics and Spaca Administration 
Lewis Research Canter. Cleveland Ohio 
PROPULSION CONTROL AND CONTROL THEORY: A NEW 
RESEARCH FOCUS 

John R Zeller In ns Propulsion Controls. 1979 Oct 1980 
p 89-95 (For pnmary document see N81- 12090 03-07) 

Avail NTIS HC A07/MF A01 CSCL 21E 

Technological developments necessary for the implementation 
of advanced digital control concepts for aircraft propulsion are 
identified and discussed Developments associated with the 
replacement analog controllers with digital control systems, 
sensors and actuators, and control modes and software are 
reported M G 


N81-13069*||! National Aeronautics and Spaca Administration 

Lewis Research Center. Cleveland. Ohio 

NASA RESEARCH IN AEROPROPULSION 

Warner L Stewart and Richard J Weber 1981 24 p Proposed 

for presentation at the 26th Ann Intern Gas Turbine Conf.. 

Houston. Tex.. 8-12 Mar 1981: sponsored by the ASME 

(NASA TM 81633. E-645) Avail NTIS HC A02/MF A01 CSCL 

21E 

Selected examples of recent accomplishments and current 
activities that are relevant to the principal classes of civil and 
military vehicles subsonic transports, commuters, supersonic 
transports general aviation, rotorcraft. V/STOL. and high 
performance Some instances of emerging technologies with 
potential hijh impact on further progress are discussed E D K 


N81-14H99* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

CURVED CENTERUNE AIR INTAKE FOR A GAS TURBINE 
ENGINE Patent 

William C Ruahr (GE Cincinnati). James L Younghans (GE. 
Cincinnati), and Edwin 8 Smith, inventors (to NASA) (GE. 
Cincinnati) Issued 2 Sep 1980 6 p Filed 14 May 1979 

Sponsored by NASA 

(NASA Case LEW 13201-1 US Patent-4.220.171 . 

US Patent Appl SN 038980 US Patent Class 137-16 1. 
US-Patent-Qass 181-214) Avail US Patent and Trademark 
Office CSCL 2 IE 

An inlet for a gas turbine engine was disposed about a 
curved centerline for the purpose of accepting intake air that is 
flowing at an angle to engine centerline and progressively turning 
that intake airflow along a curved path into alignment with the 
engine This curved inlet is intended for use m under the wing 
locations and similar regions where airflow direction is altered 
by eerodynemic characteristics of the airplane By curving the 
inlet aerodynamic loss and acoustic generation and emission 
ere decreased 

Official Gatette of the U S Patent and Trademark Office 
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NB 1 - 1 6060* | National Aeronautics and Space Administration 
lewis Research Canter Qeveland Ohio 

COLO-AIR INVESTIGATION OF FIRST STAGE OF 412 
STAGE. FAN DRIVE TURBINE WITH AVERAGE STAGE 
LOADING FACTOR OF 4.SS 

Warren J Whitney Thomas P Moffitt and Frank P Behmny 
Jar. 1981 15 p refs 

IN-aA TP 1780 1461) Avail NTIS MC A02/MF A01 CSCl 
21E 

The design procedure and the development of the blading 
geometry for the 4 and 1/2 stage turbine are discussed Results 
obtained with the first stage, operated as a single stage tm bine 
are presented A free vortes design meets the design requiiements 
without incurring problems such as excessive turning negative 
reaction or high Mach number Cold air tests of the single 
stage turbine showed thut the turbine developed design work 
(stage loading factoi of 5 26) at an efficiency of 0 86 which 
was the efficiency predicted by a reference method The mass 
flow at this condition was 0 88. which occurred at design speed 
and a pressure ratio of 1 407. corresponding to a stage loading 
factor of 4 35 The efficency at this condition was 0 003 highei 
than that predicted by the reference method Author 


N81-19062*| National Aeronautics and Space Administration 
Lawis Research Canter. Cleveland Ohio 

AN OVERVIEW OF GENERAL AVIATION PROPULSION 
RESEARCH PROGRAMS AT NASA LEWIS RESEARCH 
CENTER 

Edward A Willis and William C Strack 1981 48 p refs 

Pioposed lor presentation at the Natl Business Aircraft Meeting 
*3 15 Apr 1981 Wichita Kansas sponsored by SAE 
(NASA 1M 81666 t 686) Avail NTIS HC A03/MF A01 CSCL 
21E 

The leview covers near term improvements foi current type 
piston engines as well as studies and limited corroborative 
research on several advanced g/a engine concepts including 
diesels small turboprops and both piston and rotary stratified 
charge engines Also described is basic combustion research, 
cycle modeling and diagnostic instrumentation work that is 
required to make new engines a reality T M 


NS1 18083*4 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

MEAN ROTOR WAKE CHARACTERISTICS OF AN AERODV- 
NAMICALLV LOADEO 0.S m DIAMETER FAN 

L M Shaw and F W Glaser 1981 18 p refs Presented at 
19th Aerospace Sci Meeting St Louis 12-15 Jan 1981 
sponsored by AIAA 

(NASA TM 81657 E 6741 Avail NTIS HC A02/MF A01 CSCL 
01 A 

Mean rotor wake luopi-mes el several downstream distances 
behind the rotoi of a loaded 1 2 pressure ratio Ian were measured 
with a cioss film anemometer in an anechoic wind tunnel Mean 
wake characteristics in the midspan and near tip legion were 
determined utilizing an ensemble averaging technique The upwash 
and si 'earn wise components of the velocity behind the rotor 
indicate a complex structure superimposed on the meioi velocity 
defects at a down stream spacing of 0 5 rotor chords Spectral 
analysis indicates high levels o' the second and fourth harmonics 
of the blade passage frequency in the midspan region while the 
blade passage frequency and its second and third harmonic are 
predominant in the tip region Author 


NS1 16064*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EXPERIMENTAL ANALYSIS OF IMEP IN A NOTARY 
COMBUSTION ENGINE 

H J Schotk W J Rica and P R Meng 1981 44 p refs 

Piesented at Intern Symp of Automotive Engr Detroit 
23 27 Feb 1981 

INASA TM 81662 E 6801 Avail N1IS HC A03/MF A01 CSCL 
2 IE 

A real time indicated mean effective pressure measurement 
system is described which is used to tudge proposed improvements 


m cycle efficiency of a rotary combustion engine This is the 
fust self contained instrument that is capable of making real 
time measurements of IMEP in a rotary engine Previous methods 
used lequiie data recording and latei processing using a digital 
computer The unique features of this instrumentation include 
its ability to measure IMEP on a cycle by cycle real tuna basis 
and the elimination of the need to differentiate volume function 
in real lime Measurements at two engine speeds (2000 and 
3000 rpm) and a lull range of loads ara presented although 
the instrument was designed to operate to speeds of 
9000 rpm Author 


NS 1 18088*4 National Aeronautics and Space Administration 
Lewis Heseaich Center Qeveland Ohio 

PROPULSION SYSTEM MATHEMATICAL MODEL FOR A 
LIFT CRUISE FAN V STOL AIRCRAFT 

Gary L Cole James F Sellers and Bruce E Tmling INASA 

Ames Research Canter) Dec 1980 48 p rets 

INASA IM 81663 E 6811 Avail NTIS HC A03/MF A01 CSCL 

21E 

A propulsion system mathematical model is documented that 
allows calculation of internal angina paiameters during transient 
opeiation A non lealtime digital computer simulation of the model 
is presented It is used to investigate thrust response and 
modulation requirements as well as the impact of duty cycle on 
engine life and design critaua Comparison of simulation results 
with steady state cycle deck calculations sho ved good agreement 
The model was developed for a specific 3 fan subsonic V/ST0L 
aircraft application but it can be adapted for use with any similar 
lift/cruise V/STOL configuration Author 


N81-191 18* National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

APPARATUS FOR SENSOR FAILURE DETECTION AND 
CORRECTION IN A GAS TURBINE ENGINE CONTROL 
SYSTEM P slant 

Henry A Spang. Ill IGE. Cincinnati) and Robert P. Wenger, 
inventors (to NASA) (GE. Cincinnati) Issued 3 Fab 1SS1 14 p 
Filed 24 May 1978 Continuation in part of abandoned US 
Patent Appl SN-752050 filed 20 Dec 1876 Sponsored by 
NASA 

INASA-Case-LEW 12907-2. US-Patent-4.249.23S. 

US- Patent- Appl-SN-909236. US Patent Appl SN-752060. 

US Patent aass-364 106 US- Patent- Class-60- 39 24; 
US-Pstent-aass-364-431) Avail US Patent and Trademark 
Office CSCL 21E 

A gas turbine engine control system maintains s selected 
level of engine performance despite the failure or abnormal 
operation of one or mors angina parameter seneors The control 
system employs s continuously updated engine modal vdtich 
simulates engine performance and generates signals represent- 
mg real time estimates of the engine parameter tensor signals 
The estimate signals are transmitted to a control computoboool 
unit which utilizes them in lieu of the actual angina parameter 
sensor signals to control the operation of the angina The satimata 
signals are also compared with the corresponding actual angina 
parameter sensor signals and the reaulting difference eignata are 
utilized to update the angina modal If a particular differen ce 
signal exceeds specific tolerance limits, the difference signal Is 
inhibited from updating the modal and a sensor failure indication 
is provided to the engine operator 

Official Gazette of the U S Patent and Trademark Office 


NS1-1911S* National Aeronautice and Space Administration 
Lewis Research Canter. Qeveiend Ohio 

INTEGRATED CONTROL SYSTEM FOR A GAS TURBINE 
ENGINE Patent 

Jack E Cornett (GE. Cincinnati) Andrew A Saunders. Jr (GE. 
Cincinnati). Ira E Marvm IGE. Cmcmnstil. and Richard S Beitter 
inventors (to NASA) IGE. Cincinnati) Issued 6 Jan 1991 10 p 

Filed 26 May 197S Continuation in part of abandoned US 
Patent Appl SN 741066 Mad 11 Nov 1976 Sponsored by 
NASA 

(NASA-Caee LEW 12694 2. US-Potent-4.242 864 
US Patent-Appl-SN 909609. US Patent Appl SN 741066 
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US Talent Oaaa 60 226H US Patent Claw 60 236 

US Patent Claas «0 2U US Palanl Claw 60 236) Avail US 

Palanl and Trademark Office CSCL 2 IE 

A control system lor a turbofan angina receive* aignala horn 
a numbar o 1 angina aanaora and hom tha angina oparaioi and 
ganatatw control aignala Ona control ngnal tagulaloa tha Ian 
aahauat mixta aroa m ordar to control mlat throat Mach numbar 
to maintain a low lavol of angina noiaa Additional control wgnaia 
ragulata fual Mow to control angina thiuat and tan pitch to control 
tan apaad A numbar ot achadulw ara utilixad to maintain a 
pradatarmmad ratal lonahip batwoan tha controNad paramatara 
and a numbar ot Iliad and caiculatal emit* can ovotnda tha 
control pgnat* to pravont unaatiafactory angina partormanca 

Official G ax ana ot tha U S Palanl and Trademark Office 

Ntl- 16121*| National Aaronautica and Spaca Admmiatration 
Lawn Raaaaich Cantor Oavaland Ohio 

•P6CTRAL FLAME RADIANCE FROM A TUBULAR CAN 

COMRURTOR 

RuaaaM W Qaua Fab 1661 16 p rata 

INASA TP 1722 E 6061 Avail NT1S HC A02/MF A01 CSCL 

21E 

An axpanmental investigation ww conductad to dataimma 
tha affacta ot fual typa. fual an latao. and mlat an praaauia on 
tha apactral llama radnnca amanatmg from a JT60 can combualoi 
Spactral radnnca mooauiomanta from 1 66 to 6 6 rmciomotara 
of wavalangth wara racordod and analyxad to dataimna aoot 
concontration and Rama tampoiaturo at vanoua axial locationa 
m tha combualoi Two fuola dittaimg m volatility viacoaity and 
chemical composition araia uaod m this mvoatigation Author 


Nil -20076*| National Aaronautica and Spaca Admmiatration 
Lawn Raaaarch Cantor Oavaland Ohio 

RSAOONO FOR LOW AEROOVNAMIC PERFORMANCE OF 
12.6-CSNT1MBT1R-T1P-DIAMETIR AIRCRAFT BNOINE 
STARTER TURRINE 

Jeffrey I Haw. Richard J Roelke and Paul Harmann (Sundatrand 
Corp Rockford IN) Mar 1661 16 p Proaantad at tha SAE 

Aaroapaca Mooting Lot Angalat. 13-16 Oct 1660 
(NASA TP 1610 E 840 AVRADCOM IR 80 C 171 Avail 
NT1S HC A02/MF A01 CSCL 21E 

Tha raaaona For tha low aerodynamic partormanca of a 
13 6 cm tip dnmatar ancraft angina atartar turbine wara 
mvaatigatod Both tha at at or and tha ataga wara ovahiatad 
Approximately 10 percent improvement m turbine efficiency ww 
obtained whan tha honeycomb ohroud over tha rotor Made tip* 
ww Nted to obtain a aohd ahroud aurtaco Efficiency improve 
manta wara obtained for three rotor configurations whan tha 
ahroud ww flflod It n suggested that tha large low aaao e ntod 
with tho open honeycorr.o ahroud n dua primarily to energy 
low associated with gw transportation w a result of tho Made 
to Made pressure differential at tha bp section E A K 


Nil -31078* National Aensnautics and Spaca Administration 
Lewie Raaaaich Cental Oavaland Ohio 

EXHAUST (MISSION SURVEY OF AN Ft 00 AFTERRURN- 
IRQ TURROFAN ENGINE AT SIMULATED ALTITUDE 
FUQNT CONDITIONS 

John | Mow and Richard R Cullom Mar 1961 26 p refs 

(NASA TM 61666 i 8/31 Avail NTIS HC A03/MF A01 CSCL 
2 1 E 

Emission* of carton monoxide total ondw of nitrogen 
unburned hydrocarbon* and carbon dioaida liom an MOO 
afterburning two apod tuibofan angina at simulated flight 
condition* are 'spoiled For each flight condition emission 
measurement* war* made for two OT thiaa power level* from 
inter mediate power Inonefterbummgl through minimum aftarburn 
mg Tha data showed that emissions very with Right spaed 
altitude power level and radial position acrow tha noxxle Carbon 
mono* ids amission* wars low lot intermediate power Inoniftei 
burning) and partial afterburning but region* of high carbon 
monoxide wore ureeoni downstream pi tha Rama holder at 
maximum ah Kburning Unburned hydrocarbon amission* won) 
low lot moat of tha simulated Right condition* The local NOX 
conoantiation* and Iher variability with power level increased 
with mcreeemc Right Mach number at constant altitude and 
decreased with increasing attitude at constant Mach number 
Carbon dioaid* • missions war* proportional to local fuel an ratio 
lor all condition* Author 


N61-2206Q*f National Aaronautica and Space Admmiatration 
Loans Raaaarch Cantor Oavaland Ohro 
THERMAL AND FLOW ANALYSIS OF A CONVICTION 
AIR-COOLED CERAMIC COATED ROROUS METAL 
CONCERT FOR TURRINE VANES 

Francis S Stapka 1661 12 p ref* Proaantad at tha 20th 

Nab Moat Transfer Coni Mdwaukw 2-6 Aug 1661 aponaorad 
by the ASME and the American I net of Chemieai Engi ne* rs 
(NASA TM 61746 E-S1II Avail NTIS HC A02/MF A01 CSCL 
21E 

The how Iran* far and pressure drop through turban* vsnw 
made of a entered porous metal eoated with a thm layer of 
ceramic and convection cooled by apanwtw Row of coding air 

w v f i inv iiwyni wii rmoi to onvimim in# rMtio«itTy 

of uamg this concept For coding wry a mall turbmw. pn manly 
for short duration application* such w in miaaHa angmw Tha 
•nafysia ww mad* foi gw condition* of approximately 10 and 
40 atm and 1644 K and with turbm* vanw mads of fait typa 
porous motel* with relative danaibw horn 0 2 to 0 6 and ceramic 
coabng threhneesw of 0076 to 0 264 mm J MS 


NS1 -34063*1 National Aetoneutica and Spaca Admimstiation 
Lewis Raaaaich Canter. Oavaland Ohio 

FUNDAMtNTAL HEAT TRANSFER RESEARCH FOR 0A8 
TURRINE BNQINE8 

Darryl E Mattgor. ad (Aruona Slat* Unnr I 1660 66 p rafa 
Presented w a Workshop Held at Oavaland 8 9 Oct I960 
(NASA CP-2176. I 6661 Avail NTIS HC A04/MF A01 CSCL 
21E 

Thirty seven axpart* from mduafry and the untvarartiw toinod 
24 NASA Lawra staff member* m an aschanga o* idea* on 
Itands in aarcpropulaion raaaarch and technology basic analyse* 
computational anafysw banc experiment* naar angina environ- 
ment experiment* fundamental fluid mechanics and hoot 
Iranafar and hoi tachnofogy w rolatod to gas turbm* angmw 
The workshop procaadmga doa e nbad include pra workshop input 
from participant* praaantation* of currant actnnty by tha Lawra 
staff report* of the four working group*, and a woikthop 
summary A R H 


N61 -24066*1 National Aeionautics and Spaca Admimstiation 

Lewis R aaaa rch Cantor Oavaland. Ohio 

ANALYSIS OF 6FFECT OF FLAME HOLD! R CHARACTERS 

TICS ON LEAN. RREMIXED. PARTIALLY VATCRI2ED 

FUEL AIR MIXTURES QUALITY AND NITROGEN OXIDES 

EMISSIONS 

Larry P Cooper May 1661 IS p rots 

INASA TP 1642 . E 5631 Avar) NTIS HC A02/MF AOt CSCL 
21E 

An analysis was conducted of tha effect of (Urn# holding 
device* on the ptacombuafron fuel an charsctanttic* and on ondw 
of nitrogen INOx) * missions for combustion of pr* mixed partially 
vaponxad mixture* The analyst* mcludw the mterralationahip* 
of Ramohotdar droplet co« action offictancy loatomixstion afhcrancy 
•nd blockage and tha initial dropfat sue dwtrtbulion and accounts 
lot the contribution of droplet combustion m partially vaponxad 
muduie* to NO* omission* Application of tha analytical 
piocaduiea is Mluatrsted and parametric prediction* of NO* 
•missions ar* prsaantad Author 


MSI 240S6*| National Aeronautics and Space Admmiatration 

Lewis Research Canter Oavaland Ofuo 

INVESTIGATION OF RE RFORMANC6 DETERIORATION OF 

THE CFS/JTSO HIGH BYPASS RATIO TURROFAN IN 

OIN68 

Joseph A Zramianakr In AGAR0 Turbina Engma Tasting Jan 
1661 14 p ref* (For primary document soa N6 1-24071 16 071 
Avail NTIS HC A21/MF A01 CSCL 2 IE 

The extent and magnitude Of performance datarror atron of 
th* Pratt and Whitney JT9D end tha Ganaral ilactnc CF6 angina 
modal* •* prsaantad Overall angina and contributing moLJx 
performance de tenor a bon with raapa c t to Right cycle* and/or 
Irma are enatyred Tha ovaraR angma partormanca deterioration 
anafyaa* are baaed on data obtsmad hom his tones) records 
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special engine tixtx tod last! for specific affect! Hardware 
inspection data from overhaul ahopa and special modulo toata 
ata the boara lot the modular portormanco dotonoration data 
uaad m tha anatyeea Vanoua damage machamama auch aa eeel 
tuba, aroaton aurfaco roughnoaa end thermal di a tottion. and how 
they contribute to parlotmanca deterioration are included in the 
modular anatyeea Results indicate that early performance 
deterioration occurring within the lira! tew llighta of theee engmee 
ta leea than 1 percent m crude apecihc fuel coneumption (SFC) 
that it re event oriented and that it m the reeult of mcreaaed 
Made tip dearancee Thta performance deterioration gradually 
mcreaaea to about 2 6 to 3 0 percent (including the initial abort 
term deterioration) after 2600 to 3000 fhghta where mcreaaed 
Made tip dearancee. airfoil quality degradation, and thermal 
diatortion are the contributing cauaee R C T 


N81 -28079* f National Aaronautice and Space Admimetration 
Lewie Reeearch Center. Cleveland Ohio 

COMPARISON OF NASA AND CONTRACTOR RISULTS 
FROM ASR0AC0UST1C Tf STS OF OCSIE OTW ENGINE 

H E Bloomer I J Loeffler W J Kreim and J W Coata 
Apr 1BS1 27 p refa 

INASA TM 81761 E 824) Avail NTIS HC A03/MF A01 CSCL 
2 IE 

Tha aerodynamica and acouatica of the ovei-the wing (OTW) 
Quiet Clean Short Haul Experimental Engine IQCSEE) were 
teated A boilerplate (nonflight weight) high-throat Mach number, 
acouetically treated inlet and a 0-ahjped OTW exhaust notile 
with variable poeition aide doore were uaed Some acouetic 
directivity reeulta for the type 0 noiile and acouatic effecta of 
venationa in the nottle aide door position* are included It waa 
found that the reeulta are m agreement with thoee previouely 
obtained E A ft 


Nil 2 SOSO* | National Aaronautice and Space Admimatration 
Lewie Reeearch Center Cleveland Ohio 

MEASUREMENT OF AEROOVNAMIC WORK DURING FAN 
FLUTTER 

A P Kurkov 1981 16 p refa Propoeed for presentation at 

the 1981 Winter Ann Meeting of the ASME Waehington DC 
IS 20 Nov 1981 

INASA TM 82652 E911I Avail NTIS HCA02/MFA01 CSCL 
2 IE 

Stationary high reeponee preeaure and di apiece ment meaaure 
manta are uaed to deecnbe ’he flutter charactenetice of the firet 
fan rotor of a turbofan engine Flutter occurred at part apeed 
and at high incidence Several forward and backward traveling 
wavee were identified m a predominantly toreional flutter mode 
Poeitive aerodynamic work contribution waa confined to the region 
cloee to the leading edge and waa mainly dua to modea 
correeponding to forward traveling wavee of nodal ike meter a in 
the range 3 to 6 Author 


NBV2B081*# National Aaronautice and Space Admimetration 
Lewie Reeearch Center Cleveland Ohio 

EFFECT OF A PART SPAN VARIABLE INLET GUIDE VANE 
ON THE PERFORMANCE OF A HIOH BYPASS TURBOFAN 
ENGINE 

George A Bobula IAVRADCOM Reeearch and Technology Labe 
Cleveland! Ronald H Soeder and Leo A Burkardt 1981 16 p 
refa Propoeed for preeentetion at the 1 7th Joint Propulsion 
Coni Colorado Springe 27 29 Jul 1981 aponeored by AIAA 
ASME and SAE 

(NASA TM 82817 E 869 AVRADCOM TR 81 C 10) Avail 
NTIS HC A02/MF A01 CSCL 2 IE 

The ability of a part apan variable mtet guide vane (VIGV) 
to modulate the thruet of a high bypaaa turbofan engine wee 
evaluated at altitude/ Mach number condition* of 4672 m/0 6 
and 9144 m/0 93 Fan tip gat generator and aupercharger 
performance were aleo determined both on operating I met and 
durmg fan duct throttling The evaluation waa repeated with the 
bypaaa iplitter extended forward to near the Ian Made trailing 
edge Groea thruet attentuation of over 60 percent wee achieved 


with 60 degree VIGV ctoeure at 100 percent corrected fen apeed 
Gaa generator aupercharger performance fell off with VIGV doeure 
but thia toae waa reduced when a apktter extenaion wee added 
The effect of VIVG cloeure on gaa generator performance wee 
minimal Author 


NS1 2S082*| National Aaronautice and Space Admimetration 
Lewie Reeearch Center Cleveland Ohio 

JT9D PERFORMANCE DETERIORATION RESULTS FROM 
A SIMULATED AEROOVNAMIC LOAD TEST 

Edward G Stakoltch and William J Stromberg (Pratt and Whitney 
Aircraft Eaat Hartford Conn I 19S1 21 p refa Propoeed for 
preaentation at the 17th Joint Proputeion Coni Colorado Springs 
27 29 Jul 1981 aponeored by AIAA SAE end ASME 
(NASA TM S2840 E 8961 Avail NTIS HC A02/MF A01 CSCL 
21E 

The reeulta of teeting to identify the effecta of ei mulcted 
aerodynamic flight loade on JTBO engine performance are 
praeented The teat reeulta were aleo ueed to refine prevtoue 
analytical etudiee on the impact of aerodynamic flight loeda on 
performance loeaee To accompliah theee obtectrvee a JT90 7AH 
engine waa aeeembled with average production dearancee and 
new aecla ea well aa extenaive inatrumentation to monitor engine 
performance caae temperature* and Made tip clearance changee 
A apecial loading device waa deeigned and conatructed to permit 
application of known momenta and ahear fotcea to the engine 
by the uae of caMee pieced around the flight inlet The teat 
waa conducted in the Pratt A Whitney Aircraft X Ray Teat 
Facility to petmit the uae of X ray techmquea in conjunction 
with laaar Made tip proximity probea to monitor important engine 
clearance changee Upon completion of the teat program the 
teal engine waa dissembled and the condition of gaa path 
parte and final dear.mcee were documented The teat reeulta 
indicate that the engine loet 1 1 percent in thrust epecihc fuel 
coneumption (TSFC) aa measured under aea level atatic condition* 
due to mcreaaed operating dearancee cauaed by aimulated 
flight load* Thia comparaa with 0 9 percent predicted by the 
analytical model and previoua etudy efforta Author 


NS1 -28083*1 National Aeronautic* and Space Admimatration 
Lewi* Reaearch Center C l eveland Ohio 
SELECTED RESULTS FROM COMBUSTION RESEARCH AT 
THE LEWIS RESEARCH CENTER 

Robert E Jonea 1981 13 p ref* Propoeed for preaentation 

at the 17th Joint Propulsion Coni Colorado Spring* 27 29 Jul 

1981 sponsored by AIAA SAE and ASME 

(NASA TM 82627 E 8801 Avail NTIS HC A02/MF A01 CSCL 

21E 

Combustion research at Law* « organized to provide a 
balanced program responsive to national need* and the gas turbine 
industry The result* of this research is a technology base that 
assists the gaa turbine engine manufacturers in developing new 
and improved combustion system* for advanced civil and military 
engine* with significant improvements in performance durability 
fuel fletiMlity and control of exhaust amissions Research efforts 
consist of fundamentals and modeling and applied component 
and combustor research T M 


N81 -280S4*| National Aeronautics and Space Admimetration 
Law* Research Center Cleveland Ohio 

HIGH RESPONSE MEASUREMENTS OF A TURBOFAN 
ENGINE DURING NONRECOVERABIE STALL 

Doug Lae Apr 1981 27 p refs 

INASA TM S1769 I 8221 Avail NTIS HC A03/MF A01 CSCL 
2 IE 

High response measurement* of a Pratt and Whitney F 100(3) 
turbofan engine at a aimulated Mach number end altitude of 
1 2 end 3000 m 110000 ft) respectively wet* recorded during 
a non recoverable stall The non recover able stafl occurred a* a 
result of incorrect scheduling of the high compressor variable 
vanes IRCW) during an experimental angina control investigation 
Recorded data indicate* rotating stall originating in the high 
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pressure compressor From this region the disturbance propagate* 
upstream into the fan end downstream throughout the core 
compressor The rotating stall remained m the core compressor 
until the engine was shutdown The Ian exhibited some rotating 
stall but the amplitude of the pressure oscillation* were less 
severe Data indicates that the fen was able to recover from 
the stall Fan turbine inlet temperature IFTIT) had been decreasing 
until stall developed in the high- pr e ssure compressor From this 
time FTIT increased towards its maximum temperature limit 
The rising FTIT during ncnrecoverable stall may be the result of 
incomplete combustion m the combustor and additional combus- 
tion occurring through the turbine Author 


NB1 26146* f National Aeronautics and Space Administiation 
lewis Raseaich Center Cleveland Ohio 

TURBINE BYPASS ENGINE: A NEW SUPERSONIC CRUISE 
PROPULSION CONCEPT 

Leo C Frenctscu* 1 98 1 15 p let* Presented at the 17th 

Joint Propulsion Coni Colorado Springs Colo 27 29 Jut 1981 
sponsored by AIAA SAE and ASME 

INASA TM 82608 E 8651 Avail NTIS HC A02/MF A01 C6CI 
21 r 

Engine performance and mission studies were carried out 
lor a single spool Turbine Bypass Engine concept Comparisons 
were made between the TBE. a conventional single spool turbotet 
and the Pratt B Whitney Variable Stream Control Engine The 
airplane assumed for tha study was a Mach 2 32 commercial 
supersonic transport The nominal mission was a 4000 nautical 
miles total range with a 300 nautical miles subtomc cruise leg 
The figure of merit was the minimum takeoff gross weight for 
the mission Comparisons of the three engines were also made 
for the 4000 nautical miles total range with longer subsonic 
cru's* legs Author 


NS 1 29149*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

SMALL GAS-TURBINE COMBUSTOR STUDY: FUEL 

INJECTOR EVALUATION 

Carl T Norgren and Stephen M Riddl«baugh 1981 20 p 

rets Presented at the Joint Propulsion Coni Colorado Springs 
Colo 27 29Jul "'81 sponsored by AIAA SAE and ASME 
INASA TM 82641 E 8911 Avail NTIS HC A02/MF A01 CSCL 
21E 

As pad of a continuing effod at the Lewis Research Center 
to improve performance emissions and reliability of turbine 
machinery an investigation of fuel infection technique and affect 
of fuel type on small gas turbine combustors was undertaken 
Performance and pollutant amission levels are documented over 
a range of simulated flight conditions for a reverse flow combustor 
configuration using simples pleasure atomizing spill flow return 
and splash cone airblest miectors A parametric evaluation of 
tha affect of increased combustor loading with each of the fuel 
miector types was obtained Jet A and an experimental referee 
broad specification fue' were used to determine the effect of 
fuel type Author 


NB1 270*4*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THE SUPERSONIC FAN ENGINE AN ADVANCED 
CONCEPT IN SUPERSONIC CRUIBE PROPULBION 

Lao C Franc isc us 1981 13 p refs Presented at the 17lh 
Joint Propulsion Coni Colorado Springs Colo 27 29 Jul 1981 
sponsored by AIAA SAE and ASME 

INASA TM 82657 E 9231 Avail NTIS HC A02/MF A01 CSCL 
2 IE 

Engine performance and mission studies were carried out 
foi turbotan engines equipped with supei sonic through flow fans 
The mission was for a commercial supeisonic transport with s 
Mach 2 32 capability Tha advantages of the supersonic fan 
engines aie discussed m terms of mission isnge comparisons 
with other angina types The effects of fan efficiency inlet losses 
and angina weight on engine performance and mission rang* 
ut* shown The tange of a supersonic Hanspod with supersonic 
fan engines could be 10 to 20 percent better than with other 
type* having the same technology core Author 


Nil 27096*| National Aeronautics and Space Administiation 
lewis Research Center Cleveland Ohio 

MIXING EFFECTIVE NEBS TEST OF AN EXHAUST GAS 
MIXER IN A HIGH BYPASS TURBOFAN AT ALTITUDE 

R R Cullom G A Bobula and L A Burkardt 1981 13 p 

refs Presented at the 1 7th Joint Propulsion Conf Colorado 
Springs Colo 27 29 Jul 1981 sponsored by AIAA SAE end 
ASME 

INASA TM 82663 AVRAOCOV TR 81 C 24 E 9381 Avail 
NTIS HC A02/MF A01 CSCL 21E 

Thermal mixing effectiveness characteristics of an eighteen 
lobe scalloped and unscalloped partial forcad mixer were 
measured m a high bypass turbofan engine Data we.n also 
obtained without the mixer installed i e free mixing Tests were 
conducted at four combinations of simulated flight conditions 
lion 0 3 to 0 8 Mach number and from 6 096 meters 
120 000 ft) to 13 715 m 145 000 ft) altitude mixing chambei 
lengths of I/O 0 52 and 0 65 ware tested For this tangs of 
test conditions and mixei configurations tha forcad mixing 
effectiveness varied from 59 to 68 percent Value* of mixing 
effectiveness and total pressure loss war* calculated from 
temperature and pressure data obtained at the mixer inlet and 
exhaust not/le exit Author 


N91-2S099*f National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
THE EJ COMBUSTORS: STATUS ANO CHALLENGES 
Daniel E SoXoiowski and John E Rohde 1981 24 p rets 

Presented at 1 7th Joint Propulsion Conf Colorado Springs Colo 
27-29 Jul 1981. sponsored by AIAA SAE and ASME 
INASA-TM 82884 E 904) Avail NTIS HC A02/MF A01 CSCL 
21E 

The design, fabrication and initial tasting of energy efficient 
engine comuustor* developed for the next generation of turbofan 
engines for commercial aircraft are described The combustor 
design* utilii* an annular configuration with two ton* combustion 
for low emissions advanced I mar* for improved durability and 
short, curved-well dump predrffuser* for compact nass Advanced 
cooling techniques and segmented construction chaiactsrit* tha 
advanced liners Linear segments are mad* from castable 
turbine type material* M G 


N81-2B129* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
SUPERCRITICAL FUEL INJECTION SYSTEM Patent 
Cecil J Marak and Larry P Cooper inventor* (to NASAI Issued 
26 Feb 1980 4 p Filed ItJun 1978 Supersedes N7S-27 122 
(16 • 18 p 2363) 

INASA Case LEW 12990-1 US- Patent -4. 189 *14 
US Patent Appl SN-9166S4. US Patent Class 60 726. 
US-Pstant-Oasa-eO'39 06. US-Patent'Oaaa-261-28 
US Patent Class 431-2. US- Patent- Class-60- 7371 Avail US 
Patent and Trademark Office CSCL 21 E 

A fuel infection system for gas turbine* is described including 
a pin of high pressure pump* The pump* provide fuel and a 
carrier fluid such as air at pressures above the critical pressure 
of the fuel A supercritical mixing chamber mixes the fuel and 
earner fluid and the mixture is sprayed mto a combustion chamber 
The us* of fuel and a earner fluid at supercntical pressures 
promote* rapid mixing of the fuel in the combustion chamber 
so as to reduce the formation of pollutants and promote cleaner 
burning Official Catena of the U S Patent and Trademark Office 
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Nil 101 30* a National Aaionautica and Space Admmistiauon 
Lawn* Reiaarch Cantai Clavaland Ohio 
MOTOR WAKE CHARACTIRISTICI RILIVANT TO ROTOR- 
ITATOR INTIRACTION NOlii QINCRATION 

Loretta M Shaw and Joseph R Balombm 1981 25 p tala 

Piaaantad at 7th Acomtic Coni Palo Alto Caiil 6 7 Oct 1981 
Sponeored by AIAA 

i NASA TM 82703 E 8841 Avail NTIS HC A02MF A01 CSCL 
2 IE 

Mean and tuibuiant wane properties at three anal location* 
behind the ioioi of an eeiodynamically loaded 1 * pressure iatio 
tan weie measured using a stationary cross film anemometer in 
an anechoic wind tunnel Wake characteristics at tou' ladial 
immersions across tha duct at four differt.it tan speeds were 
determined utilising a signal enhancement technique The 
shapes of the wavetoimi of the mean rotor relative and masn 
upwath velocities were shown to Change significantly across 
the span of the blades In addition an mersase in tan rotational 
speed caused an mcaase m the maumum wake turbulence 
intensity levels near the hub and tip Spectral analysis was used 
to described the complex nature of the rotor wake Author 


N81-31 186*1 National Aaronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
AOVANCID SUBSONIC TRANSPORT PROPULSION 
Donald l Noted Carl C Ciepfuch Roger Chamberlain Edward 
T Meleason and Garald A Kraft 1961 32 p rats Presented 
at the inter n An Tiansportation Con! Atlantic City NJ 26 2 8 
May 1981 sponsored by AIAA and SAE 

(NASA TM 82696 E 9791 Avail NTIS HC A03/ME ACM CSCL 
21E 

A brief leview of the currant NASA Energy Efficient Engine 
|E(3)I Protect is presented Included in this review are the 
factors that influenced the design of these turbofan anginas and 
the advanced technology incorporated in them to 'educe fuel 
consumption end improve environmental cheractenstics In 
addition factors such as the continuing spiral m fuel cost that 
could influence future aircraft propulsion systems beyond those 
represented by the E(3) engines are also discussed Advanced 
tecunologies that will address these influencing factors and provide 
viable future p'jpulsion systems are described The potential 
importance of other propulsion system types such a* geared 
fans and turboshaft engines is presented T M 


N81-3119S*# National Aeronautics and Space Administration 
lawis Research Center Cleveland Ohio 

AIRCRAPT INOINi DIAGNOSTICS 

Jul 1981 ?77 p refs Conf held at Cleveland 6 7 May 

1981 

INASA CP 2190 E 8451 Avail NTIS HC A17/MF A01 CSCL 
21E 

Engine durability and performance retention concepts are 
discussed Other topics include engine diagnostics for performance 
retention and angina condition monitoring systems For individual 
titles see N81 31197 through N8 131217 


N81 3120S*# National Aeronautics and Space Admmislietion 
Lewis Research Center Cleveland Ohio 

AN INTRODUCTION TO NASA'S TURBINE ENGINE HOT 
SECTION TECHNOLOGY (HOST) PROJECT 
Daniel J Gaunther and C Robed Ensign In its Aircraft Engine 
Diagnostics 1981 p 153 173 (For primary document sea 
N81 31196 22 071 

Avail NTIS HC AI7/MF A01 CSCl 2 IE 

An overview of research to develop and improve the accuracy 
of current analysis methods so that mcieesad durability can be 
designed into future engines is presented Emphasis is placed 
on impioveo accuracy in Me prediction Component design 
including descnption of the thermal end aerodynamic environ 
merits the materials mechanical response the interactions 
betwaan environmental and structural response and high 


temperature instrumentation capable of measuring near engine 
environment effects are addressed Component tests improved 
modeling of the physical phenomena and teals to verify the 
proved models are also discussed J M S 


N913120S*! National Aeronautics and Space Administration 
lewis Research Center ^eveland Ohio 

CONS! RVATION 06 STRATEGIC ASROBPACi MATERIALS 
tCOSAM) 

Joseph R Stephens In its Aircraft Engine Diagnostics 1981 
p 189 207 refs (For primary document see N61 31196 22 07) 
Avail NTIS HC A17/MF A01 CSCl 211 

Research efforts to reduce the dependence of the aerospace 
industry on strategic metals such as cobalt (Col cofumbtum 
(Cb) tantalum (Tel and chromium ID) by providing the materials 
technology needed to minimus the strategic metal content of 
critical aerospace componente for gas turbine engines are 
addressed Thrusts in three technology areas are identified near 
**rm activities m the area of strategic element substitution 
inter mediate -range activities in the area of materials processing 
and long term high rtek activities in the area of new dieses 
of high temprature metallic materials Specifically the role of 
cobelt in nickel base and cobalt base superalloys vital to the 
aeioapace industry is esammed along with the mechanical and 
physical properties of mtermetallics that will contain a minimum 
of the stragetic metals J M S 


A81 20834 * * Fuel /an nonuniformity - Effect on nitric oxide 

amissions. V J Lyons (NASA. Lewis Rasraich Cental. Cleveland. 
Ohio) Amencen Institute o> Aeronautics end Astronautics Aero 
*>ece Sciences Meeting 19th, St Louis. Mo Jen 12 15. 1981 Paper 
81032/ 12 p 22 lefs 

An analytical and experimental study was partoimed to delei 
mine the effect of inlet fuel u it piofile nonumtormity on N0(«t 
emissions. The tneoteticjl NOIx) levels weie ventied m a flame tube 
ng at inlet an tempeiatuies of 600. 700. and 800 K. 0 3 MPa ng 
preaure. 25 m sec lelerence velocity, oveiall equivalence ratio of 0 6 
and lesidcnce time neai 0 002 sec The theory predicts an increase in 
NOlxl emissions tor increased tuel'aii nonumtormity tor aveiage 
equivalence ratios less than 0.7. while toi aveiage equivalence ratios 
neai stoichiometric, increasing the nonur foimity will decreare 
NOIx) emissions The lesulb can he used to predict tha degiee of 
umfoimity of fuel air profiles necessary to achieve NOIx) emissions 
goals tor actual engine- that use lean piemixed. prevapor i/ed 
combustion systems (Author) 


AS1 22631 * * Cor* noise measurements from a small, general 

aviation turbofan angina M Reshotko and A Karchmer (NASA. 
Lewis Reseaich Canter, Fluid Mechanics and Acoustics Div.. Clave 
land. Ohio). A con Stic el Society of Amence. Meeting. 1 00th Los 
Angeies. Ceht , Noe 1/21. 1980. Paper 27 p 10 refs 

As part of a program to investigate combustor and other core 
noises, simultaneous measurements of internal fluctuating pressure 
and fat field noise were made with a JT15D turbofan engine 
Acoustic waveguide probes, located in the engine at the combustor, 
at the tutbma exit and in the roie no/jle wall, were used to measure 
internal fluctuating pressures Low frequency acoustic powrr detei 
mined at the core nozzle exit corresponds in level to the far field 
acoustic power at engine speeds below 65% of maximum, the 
approach condition At engine speeds above 65% of maximum the 
let noise dominates in the tar field, greatly exceeding that of the 
core. From coherence measurements, it is shown that the combustor 
is the dominant source of the low tiequency core noise The results 
obtained from the JT 15D engine were compared with those nttamed 
previously from a YF107 engine, both engines having -evert* flow 
annular combustors and being in the same tire class lAuthor) 
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A81 29940 * * Superhybnd oompmla Wad* impact itudiai 

C C Charms. R F. Laik. and J. H. Sinclair (NASA. Lawn RaMatch 
Cantar. Clevaland, Ohio). American Society ot Mechanical engineer* 
Gat Turbin* Conference and Product* Show Houtton. Tea.. Mar 
9 12. 1981. Paper 81 GT 24 8 p 5 tah Mambari, $3.00, nonmam 
ban. $4 00 

An investigation was conductad to detaimin* the taaaib'lity ot 
superhybnd composite Wade* *or mealing the mechanical design and 
impact laiittanoa requirements ot large tan bladat tor aircraft turtun* 
angina applications. Two design concepts war* evaluated (1) leading 
*dg» spar (TiComl and (2) cantar spar (TiCoral, both with 
suparhybnd compoait* shells The investigation was both analytical 
and experimental The results obtained show promise that supei 
hybrid composites can ba used to make light v.zight, high quality, 
large Ian blades with good structural integrity. The bladat tatted 
successfully demonstrated their ability to meet steady stata operating 
condition*, ovarspaad, and t nail bird impact requirements (Author) 


All 29964 * a Development of a low NOix/ lean premised 
annular combustor. P B Roberts. A. J. Kubatco (Solar Turbinas 
International. San Oiego. Calif.), and N. J. Sekat (NASA. Lewis 
Research Canter. Cleveland. Ohio). American Society ot Mec ha nical 
£ngmeert Gat Turbine Conference and Productt Show. Houtton. 
Tea Mar 9 12. 1981 Paper 81 GT 40 8 p Brets Members $2 00. 
nonmembers. $4 00 NASAsupported research 

The results of an experimental atmospheric tig test program 
developed to define a low NO(x) annular combustor of 0 66 m 
diameter for high altitude aircraft applications arc presented. The 
test program strategy adopted evaluates the emission characteristics 
of a baseline configuration and subsequently examines the sensitivity 
of the emission signatures to variations in the key design features 
The lean premixed combustor in axisymmetric annular form demon 
shales the capability of operating at reduced pressure, simulated 
high altitude, supersonic cruise conditions with NO|x) emissions 
below f.O g N02/kg fuel The testing shoe* that for the full range ot 
low emissions operation from idle to cruise, a variable dilution port 
system a necessary, but that fuel switching can be avoided and a 
single fuel miection system used. L.S. 


A81 30006 * » Low NO/x/ and fuel flexible gas turbine 
combustors. H, G. Lew, S. M. DeCorso. G. Vermes, D. Carl 
(Westmghouse Electric Corp.. Concordville. Pa ). W. J. Havener 
(Westmghouse Electric Corp.. Madison. Pa.l, J. Schwab (Westing 
house Electric Corp.. Pittsburgh Pa.l. and J. Notardonato (NASA. 
Lewis Research Center. Cleveland. Ohio). American Society ot 
Mechanical engineer*. Gat Turbine Conference and Productt Show. 
Houtton. Tea.. Mar 912. 1981. Paper 81 GT 99. 13 p. 12 rets 
Members. $2.00 nonmembers. $4 00 Research supported by the 
U.S. Department of Energy. Contract No, DEN3 146. 

The feasibility of various low NOIx) emission gar turbine 
combustor configurations was evaluated The configurations selected 
for fabrication and testing at full pressure and temperature involved 
rich-lean staged combustion utilizing diffusion flames, rich lean 
prevaporized/premix flames, and staged catalytic combustion. The 
test ng consisted of a rich burner module, a quench module, and a 
lean combustion module Test results ate obtained for the combustor 
while burning petroleum distillate fuel, a coal derived liquid, and a 
petroleum residual fuel The results indicate that rich lean diffusion 
flames with low fuel bound nitrogen conversion are achievable with 
very high combustion efficiencies. L.S. 


All 30033 * * Design and development of the combustor 

inlet diffuser for the NASA/GE energy efficient angi.ie r E Sable 

J R Taylor (General Electric Co Evendal*. Ohio), end D J 
Gauntner (NASA. Lewis Research Center Cleveland. Oh-o) Amen 
can Society of Mechanical engineer* Gat Turbine Co' facetted and 
Productt Show Houtton, Tea Mar 9 12 1981 Paper Jf GT 129 9 
p Marchers %2 00 nonmembers $4 00 Connect No NAS3 70643. 
Results of an experimental investigation of the aerodynamic 


parformanca ot a split duct annulai combustor inlet diffuser system 
are presented Several diffuser configuration* wet* investigated in 
3X scale water table tests and the preferred design was evaluated in 
fullscal* annular airflow modal tests Pressure recovery and flow 
losses were determined as a function of prediffusai inlet velocity 
profile, flow extraction at tha prediffuser exit, and distribution of 
flow in th* combustor Inlet velocity profile and turbulence levels 
were found to have a pronounced effect on system performance 
Flow extraction at th* prediffuser a:-.it was found to have little 
influence on system performance Generally, the annular split duct 
diffuser system wm found to satisfy the performance obiectives for 
the engine. (Authorl 


AS 1 300b 7 • a A study of external fuel vaporization. E J. 
Szetela, L Chiappetta (United Technologies Research Center. East 
Hartford. Conn.), and C. E Baker (NASA. Lewis Research Canter. 
Cleveland. Ohio). American Soc.ety ot Mechanical engineer*. Gat 
Turbine Conference and Productt Show. Houtton. Tea.. Mar 912. 
1981. Paper 81 GT 158. B p. 16 refs Members. S2 00. nonmembers. 
$4 00 Contraci No NAS3 21971 

Candidate external vaporizer designs for an aircraft gas turbine 
engine are evaluated with respect to fuel thermal stability, integra- 
tion of th* vaporizer system into th* aircraft engine, engine and 
vaporizer dynamic response, startup end altitude restart, engine 
performance, control requirements, safety, and maintenance The 
selected concept a shown to offer potential gains in engine 
performance in terms of reduced specific fuel consumption and 
improved engine thru*t/w*nFit ratio Th* thrust/weight improvement 
can be traded against vaporization system weight. V.L. 


AB1 -30078 * a Supersonic stall flutter of high- s peed fans. J. J. 

Adamczyk, W. Stevens (NASA. Lewis Research Cantar, Cleveland, 
Ohio), and R. Jutras (General Electric Co., Evendale. Ohio). 
American Society of Mechanical engineer*. Gat Turbine Conference 
and Product s Show, Houtton. Tea.. Mar. 912, 1981, Paper 
8I-GT- 184. 8 p. 1 1 raft. Members, $2.00. nonmembers. $4.00. 

An analytical model is proposed for predicting th* onset of 
supersonic stall bending flutter in high speed rotors. Th* analysis is 
based on a modified two-dimensional, compressible, unsteady actua- 
tor disk theory Th* stability boundary predicted by th* analysis is 
shown to be in good agreement with the measured boundary of a 
high speed tan. The prediction that the flutter mode would be a 
forward traveling wav* sensitive to wheel speed and aerodynamic 
loading is confumed by experimental measurements. In addition, th* 
analysis shows that reduced frequency and dynamic head alto play a 
significant role in establishing the supersonic stall bending flutter 
boundary of vr unthrouded tan. L.S. 


AS 1 32544 * * An automated procedure to. .eve! oping hy- 

brid computer simulations of turbot*-- ungines J R Szuch. S M 
Kiusel. and W M Biuton (NASA. Lewis Research Center. Cleveland. 
Ohio) ACM SCS it It and IMACS. Annual Simulation Sympon 
urn. 14th, Tampa Fla Mai 1820. 1981 Paper )Vp 10 reft. 

Tim paper offers a systematic, computer aided, self 
documenting methodology for developing hybrid computet Simula 
tiont of turbo I an engines The methodology that is presented mak n 
use of a host program that can run on a large digital computer and a 
machine dependent target (hybrid) program. The host p-ogtam 
performs all of me calculations and data manipulations that are 
needed to transform user supplied engine design information to a 
form suitable tor the hybrid compute! Th* host progiam also trims 
the self contained engine model to match specified design point 
information A test case is described and comparisons between 
hybrid simulation and specified engine performance data at* present 
*d (Author) 
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AS 1 32649 * * Ficlon which Influence «hc behavior of lurbo- 
fcn forced mixer nozzles B H Anderson and L A. Povinelli (NASA, 
Lawn ffeteeich Center, Aerodynamic* Analyst* Section. Cleveland. 
Ohio) Amencen Imtitute of Aoronout ei and Attronoutict. Afro 
space Sciences Meot-ng. 19th St Louit. Mo . Jon. 12 IS. 1981. Paper 
81 0274 78 p 14 rets. 

A fim * difference procedure wae wed to compute the mining 
for three ■ .penmentally tnted miner gi omett.es Good agreement 
wet obtained between analym and enpenir.eni when the mechanisms 
retpmtible for wcondary flow generation were properly modeled 
Vo'ticity iy natation due to flow turning and vorticity generated 
witl'in the oenterbody lobe passtfp wore found to be important. 
Rctu t* are preiented for two different temperature ratio* between 
tan an 1 core ttraam* and for two different tree-stream turbulence 
level* It wa* concluded that the dominant mechanitms m turbofan 
miner* it attociated with the tecondary flow* anting within the lobe 
legion and then development within the mining lection. (Author I 


All -34162 * Improved component* for engine fuel taving* 

R. J. Anti and J E McAulay (NASA. Lewn Research Center, 
Cleveland, Ohio). Society of Automotive lngmeen Aerotpece 
Co up ns end It position , Lot Angelet Cold Oct 13 16. 1980 
Peper 801 116 17 p 11 ref*. 

NASA prrgtami for developing fuel saving technology include 
the Engine Component Improvement Protect for ihott ten i improve 
menu in eniitmg air engine* The Per tor men ce Improverii it •action 
it to define component technologic* for improving fuel e< -.ency lor 
CF6. JT9D and JT8D turbolan engine* Sixteen co> ' rpti were 
developed and nine were letted while lour are already in u*e Jy 
airline*. If all sixteen concept* err tuccettlully introduced the 'tain 
will be fuel tavmg* of more than 6 billion gallon* over the lifetim.- o< 
the engine* The improvement! include modifications in fan*, 
mount*, exhaust nozzle*. turbine deaiance and turbine blade* 0 B 


All 34164 • Performance deterioration of commercial hupi 

bypan ratio turbofarr engine* C M Mehalic and J A Ziemianiki 
(NASA. Lewis Research Center, Cleveland. Ohio) Society of 
Automotive Infineon Aetoopoce Congrea end f npoution . Lot 
Angelet. Cold . Oct 13 16. 1980 Paper 4011 18 14 p .7 ref*. 

NASA program* tor improving aircraft engine fuel efficiency 
include the Engine Component Improvement Protect of which the 
Engine Diagnostic* section it to identity performance deterioration 
factor* tor the JT90 and CF6 high bypass iatio turbofan engines and 
to develop technology toi fuel conaumpt.on reduction The program 
tests and inspect* engines. e» amine* deteriorated elements, lormu 
late* deterioration trends and models, identifies specific causative 
events or modules and deteimeset mechanism* Results show that 
•hort term performance deterioration is lets than 1% of cruise 
specific fuel consumption and it caused by flight loads or thermal 
damage due to rubbing of turbine blade tips against dstoudt 
Long term deterioration it 2 6 3% ol cruise specific fuel consumption 
after 2600 3000 flights and mechanism* are thermal damage to Made 
tip* with rubbn.q and damaged airfoil* and part* D B 


All-34166* A Itatui report on the Energy Efficient Engine 

Prosect L E Macioce, J W Schaefer, and N T Saunders INASA. 
Lewis Research Center. Cleveland Ohio) Society of Automotive 
lngmeen Aerotpece Congreve end [ vpoution Lot Angolet Cold 
Oct 1316 1980 Peper 801 119 18 p 18 reft 

The Energy Efficient Engine (ESI Protect a directed at 
providing, by 1984. the advanced technnlogiet which could hr used 
for a new pnwation of *uel conservative turbotan engine* Thi* 
paster summer i re* the icopr of the entire protect and the current 
statu* of these effort* Included it a description of the preliminary 
design o* the fully developed engine*, the potential benefit* of these 
advanced engines, and highlights of seise of the component 
technology efforts conducted to date (Author) 


All-34161 * 1>a NASA high speed turboprop progam J. 

F Dugan. B. A. Miller, E. J. Grabet, and D. A. Saganet INASA. 
Lewis Research Center. Cleveland, Ohio). Society ol Automotive 
Lngmeen Aerotpece Congreve end It petition Lot Angolet Cold . 
Oct 13 16. 1980 Potter 801120 21 p 21 rtf* 

NASA's Advanced Turboprop Project it a three phase affor* 
initiated in 1878 to provide technology readiness for Mach 0.7 to 0 8 
turboprop power'd aircraft, with the potential tor fuel savings and 
DOC reductions of up to 30 and 16%. respectively, relahvr to 
current in service aircraft This passer review* the ttatut of Phase I in 
the areas of prosseller aeroecouttcs. propeller strui ' ’et, turboprop 
installed performance, aircraft cabin environment, and turbofsrop 
engine and aircraft studies Currert plant to establish large scale 
protiellei characteristics and to conduct high speed propeller flifpst 
research Setts using a modified testbed aircraft are alto presented 

(Author) 


All-34111 * Loss model for off design parformarsoe aneiy 

us of radial turbine* will pivoting vane, vanaH e-area i.atort P L 

Meitner (U S Army. Propulsion Laboratory. Cleveland, Ohio) and A 
J Glattman (NASA. Lewis Research Center. Cleveland. Ohio I 
Society of Automotive lngmeen. Aero pet e Congreu end l upon 
non. Lot Angolet Cold Oct 13 16 ' 9 80 Pmter 801135 11 p 6 
refs. 

An offdesigi peitoimanoe loss model for a radial turbine with 
pivoting, variable area stators it developed through a combination of 
analytical modeling and expect’ rental data analysts A viscous loss 
model it used for the variation in stator lost with setting angle, and 
stator vane end-clearance leakage ettvi._ " predicted by a clearance 
flow model The variation of lotor lost coefficient with stator setting 
angle it obtained by means of an analytical matching of experimental 
data for a rotor that was tested with six stators, having thioat areas 
from 20 to 144% of the design area An incidence lost model .* 
•elected to obtain best agreement with experimental data The .tatur 
vane end clearance leakag model predicts increasing mast flow and 
decreasing efficiency as a result of end clearances, with changes 
twcoming significantly larger with decreasing stator area. O.C. 


All 34161 * An experiment! eveluatron of Ite perfor 

mance deficit of an aircraft engine ttartei turbine J E Haas (US 
Army. Research and Technology Laboratories, Cleveland. Ohio). R 
J. Roelke (NASA. Lewis Research Center, Cleveland. Ohio), and P 
Hermann (Sundstrand Corp.. Rockford. Ill I Society ot Automotive 
t ngineert Aerospace Congrea end l tponlion. Lot Angelet. Cold . 
Oct 1316. 1980 Peper 801137 10 p 

An experimental investigation is presented to determine the 
aerodynamic performance deficit of a 13.6 centimeter tip diameter 
aircraft engine starter turbine The two phased evaluation comprised 
both the stator and the stage performance and the experimental 
ibtign it described in detail Data obtained from the investigation of 
three honeycomb shrouds clearly showed that the filled honeycomb 
reached a tout efficiency of 0 868 8 2 points high*' than the open 
honeycomb shroud, at design equivalent conditions of speed and 
blade |et speed ratio It was concluded that the use of an open 
honeycomb shroud caused the large performance deficit for the 
starter turbine Further research it suggested to ascertain statoi inlet 
boundary layer measurement* E B 


All-34169 * Composite well concept for h«0* temperature 

turbine shrouds Heat transfer analysis L P Ludwig and F S 
Stepka (NASA. Lewis Research Center. Cleveland. Ohio I Society of 
Automotive lngmeen Aerotpece Congrea end l vpontion Lot 
Angelet Cold Oct 13 16 1 980 Peper 801 1 38 Bp 13 refs 

The variables affecting the design of a composite turbine shroud, 
consisting of a metal bate, an interlayer of porous metal, and an 
outer layer of yttna stabilized zirooma. are analyzed Results show 
that signficant reductions m the coolmgair to gas How ratio are 


n 


indicated lot the composite throucb compiled to in ill metal tfiroud 
tit it was only impingement in cooled Thu good insulating propeihei 
of tha ceramic 'educed the tempentuies of the potoul mitil md 
support will significantly. For I given poroui metil dentily end 
coolmt to get How ntio. decieating the thickness of the porous 
metil md meteeong cetimic thickness resulted in lowet support will 
temperatures To maintain given elluwatile intei liyei tempentuiet 
md coolmt to get flow letioi. poiout metil denuty 01 theimil 
conductivity mutt increase et the ntio of the thicknass of the 
-vnmic lo pot nut metil decreases It n concluded thit • 1 78 mm 
thickness of porout mitenel with e denuty of 0 2 md • I 78 mm 
thicknett of ceiemic etipeeti to be e good composite wall confuta- 
tion lot the etiumxl condition! [ jj 


All-34170 * Future challenget in V/STOL flight propuluon 

control integration. S. P Roth. R j Millet (United Technologiet 
Coip.. Piatt and Whitney Aircnft Group. West Palm Beach Fl».|, 
md J. Mihiloew (NASA, Lawn Reteeich Centri. Cleveland. Ohiol. 
Society of Automotive Engineers Aerospace Congress and F upon 
non. Los Angeles. Cell!.. Oct 13 16. 1980. Paper 80 ft 40 1b P 6 
reft. 

A tuivey of ptopultion control tequii ,’mentt torminq pan of an 
advanced V/STOL control lequuementt itudy hat to date deter 
mined, among othei t.ndm* (II that the dependence of V'STOL 
flying qualities on propulsive lift make* it necettary to identify 
propulsion control requirements early in a development program (21 
that V/STOL rontrolt of the future should relieve the p lot of 
control functions and elevate him to the position of a flight 
operations manager, with substantial oams in capability and or 
safety and (31 that research it required to define the V/STOL 
control system reliability requirements and specific component 
reliability allocations An interactive, integrated design process to> 
the realization of these obiectives it also described 0 C. 


A81 -34177 * Some advantages of methane tn an a If craft gat 

turbine. R W Graham and A. J. Glastman (NASA. Lewis Research 
Center. Cleveland. Ohio) Society of Automotive Engineers. Aero 
space Congress and E spout ion. Los Angeles. Calif., Oct. 13 16. 
I960. Paper 801 154. 9 p 22 rets. 

Because liquid methane may be obtained from existing natural 
gat sources or produced synthetically from a range of other 
hydrocarbon sources (coal, biomass . thaie. organic waste), it it 
c sntidered at an aviation fuel nr a simplified cycle analysis of the 
performance of a turboprop engine intended for operation at Mach 
0.8 md 10.688 m altitude Performance comparisons are given for 
four cates in which the turbine cooling air it either not cooled or 
cooled to 111, 222. and 333 K, and the advantages and problems 
that may he exoecied from direct use of the cryogenic fuel in turbine 
cooling are discussed It is shown that while (1 1 methane combustion 
characteristics are appreciably different from those of Jet A fuel and 
will require the development of different combustor designs, and (2) 
the safe integration of methane cryotanks into transport aircraft 
structures poses a maior design problem, a highly tut I -efficient 
turboprop engine fueled by methane appears to be feasible O.C. 


A8 1 38064 * a A nonlinear propulsion system simulation 

technique for piloted simulators J R Mihaloew (NASA. Lewis 
Research Center Cleveland. OH). IEEE. ISA. SCS. SAtCS Annual 
Pittsburgh Conference on Modelling and Simulation. 13th. Pitts 
Isirgh PA Apr 30-May 1. 1981 Paper 12 p 6 refs 

A real time digital simulation technique providing the capabih 
ties needed to evduate propulsion system performance md aircraft 
system interaction on NASA manned flight simulators, is discussed 
A parameter correlation technique it used with real md pseudo 
dynamics in a stable integration convergence loop, The cycle time 
reported was 2.0 ms on one computer and b./ ms on the simulator 
computer The model was found to be stable md accurate with lime 
up to SO ms. It IS concluded that the program ha generated a 


valuable simulation technology mil flight simulator experience by 
prn-.uling an adequate level of detail to evaluate propulsion systems 
in asimulated flight environment. EB 


AS 1 40842 * » Effect of a part span variable inlet guide vane 
on the performance of a high by pan turbofen angina G A Bolsula 
(US Army. Propulsion Laboratory. ClevelmJ. OHI R H Soerlet 
md L A Burkardt (NASA, Lewd Research Center. Cleveland. OH) 
AIAA SAE ami ASME. Joint Propulsion Conferemr 17th Colore 
do Springs CO. July 27 29. 1981 AIAA Paper 81 1362 9 p 7 rets 
The ability of a part span - enable inlet guide vane to modulate 
the thrust of a high bypass turbotan engine was evaluated at 
altitude Mach number conditions of 4672 m j 6 md 9144 m/0 93 
Fan-tip. gas generator and tu pat chat get performance were also 
determined, both on operating lines md during fan dsict throttling 
The evaluation was repeated with the bypass splitter extended 
forward to near tha fan blade trailing adge Gross Ihrusl attenuation 
of ovar 50% was achieved with 60 dag variable -met guide vane 
closure at 100% corrected fan speed Gas genarator supercharger 
performance fell off with variable inlet guide vane closure but this 
loss was reducad when a splitter extension was added The i-rfert ot 
variable inlet guide vane closure on gas generator performance was 
minimal (Author) 


A81-4086B * a Salactad ratufts from combustion rasaarch at 
tha Lawn Rasaarch Can tar R E Jonas (NASA Lewis Research 

Center. Cleveland. OH) AIAA SAE and ASME Joint Propulsion 
Conference 17th. Coloredo Springs CO. July 27 29. 1981. AIAA 
Paper 81 1392 9p 13 rets. 

Combustion research at Lawn is organized to provide a balanced 
program responsive to national needs and the gas turbine industry 
The results of this research « a technology base that assists the gat 
turbine engine manufacturers in developing new and improved 
combustion systems for advanced civil and military engines with 
significant improvements in performance, durability, fuel flexibility 
md control of exhaust emissions Research ettorls consist ot 
fundamentals md modeling, and applied component md combuttoi 
research This paper reports on some c< the progress and results that 
have been achieved recently in all three research aroat (Author I 


All -40863 * * JT90 performance de tenor at -on results from • 

simulated aerodynamic load last E G Stakolrch (NASA. Lewis 
Research Canter. Cleveland. OHI and W J Stromberg (United 
Technologies Corp . Pratt and Whitney Aircraft Group. East Hart 
ford. CT) AIAA. SAE, end ASME. Joint Propulsion Conference. 
17th. Coloredo Springs. CO. July 27 29. !9P r AIAA Peper 81 1588 
16 p 

Thu paper presents the results of testing to identify the effects 
of simulated aerodynamic fligd loads on JT3D engine performance 
The test results were also used to refine previous analytical stud-es on 
the impact ot aarodynamic flight loads on performance losses To 
accomplish these obiectives. a JT9D 7 AH engine was assembled with 
average production clearances and new seals as well as extensive 
instrumentation to monitor engine performance, cate temperaturat. 
md blade tip daarance changes A special loading device was 
designed and constructed to permit application ot known moments 
md shear forces 10 the engine by the use of cablet placed around the 
llrght inlet The tesl was conducted in the Pralt md Whitney Aircraft 
X Ray Test Facility to permit the use of X-ray techniques m 
ooniunclron with laser blade tip proximity probes lo monitor 
important engine clearance changes Upon cumpletion of the last 
program, the fast engine was disassembled md the condition ot gat 
path parts md final clearances were documented The test results 
indicate that the engine lost 1.1 percent in thrust specific fuel 
consumption (TSFQ. as measured under lea level static conditions, 
due to metexxed -/panting cteeianees caused by simulated fl/grt 
loads This comperes wth 0 9 percent predicted by the analytical 
model and previous study efforts I Author I 
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Ml 40971 • » Turbin* bypet! angina • A new Hi par tonic 
erurt# prupulticn lonoept L C Francitcut (NASA. Lew it Research 

Ctntrr. Cleveland, UHl 4/44 SAf am/ ASHC joint Propulsion 
Conference 1 7 th Co lor into Springs lu July 37 39 1981 AIAA 
Po/m 81 1696 0 p. 7 raH 

Engine iHirlormanca and minion ttudm ware tarried out lor a 
imqte spool turbine bypass engine (TBEI concept Comparisons were 
mailr between the TBE a conventional single spool tuiboiet and the 
Pratt and Whitney Variable Sticain Contiol Engine (VbCEl The 
aupiane assumed tor the study was a Mach 2 J? commercial 
supersonic banaport The nominal it it'ion win a 4000 n mi totai 
ranqr with n 300 n mi subsonic crun. leg The figure ol mam was the 
minetHih takeoff gross weight tor the million Companion! ot the 
three anginal were alto made tor the 4000 n mi total rai ja with 
longei tubtomc crune lagt (Authoi) 


Ml 40073 * a The luDar ionic tan angina An advanced 

concept m tu per ionic ennte propuhion L C Francitcut (NASA 
Lawn Research Cental, Million Analysis O'f'C* Cleveland, OHI 
4/44 SAC and ASMC Joint ProfMilsion Conference 17th, Color* 
do Sn-mgx CO. July 27 39 1981 AIAA Paper 81 1599 9 p 11 rati 
Engine pertoimance and million itudiei weia conducted toi a 
novel turbotan engine concept incur |ior at ing a supersonic through 
tlow tan and companion! ware made with two lupertonic trantpoit 
ISST) engine ooncapti ot equivalent thrust and technological 
tophiitication It wai found that in the cate ot an SST with a crime 
tpeed ol Mach 2 32. the thiuugh tlow tan engine may yield langet 19 
to 20\ gieate' than the two alternative! conndatad The engine ha a 
conventional cort. with the tupeitonic tan being driven by a 
concentric low preume tuitnna that n uncoupled with the tingle, 
high pretturr turbine com pr etui core tpool Among the topict 
ditcutied are the methodi ot analysis employed and perturbation 
ttudiai concerning lu tun ionic tan adiabatic etticiency. tai duchargr 
chaiactenttict and propulnon tyttem weight 0 C 


Ml 42176 * a Th. E3 combuttort Statut and challangat 0 

E. Sukolowtki and J. E Rohde (NASA Lawn Reteaich ranter, 
Cleveland. OHI. AIAA. SAC. and ASMC. .Jdtt Propulsion Con lor 
a nr o 17th. Colorado Springs. CO. July 27 29. >971. AIAA Papn 
81 1353 23 p 17 rati 

Th* technology piogiamt tor th* Enaigy Efficient Engine IE 31 
combuttort *■* outlined, ttatut and tett latullt to date are 
summarized and pietent and future challengat indicated Th* 
NASA sponsored piogiamt which ar* bamg conducted at the 
General Electric Company and Piatt & Whitney Aircraft are making 
important technology advancat Both combustor design utilize an 
annular contigui ation with two con* combuttion ‘or low emitt'Ont. 
advanced ‘inert lot impmved durability and -.hort curved wall 
dump prediftutart for compactness. Advanced cooling technique! 
and tegmen ted comtiuction characterize the advanced Imert in both 
p> igramt Linar tegmentt are made from callable turbine type 
matenalt At thit time, analyut and deugn actiyitiei have been 
completed eapenmental evaluation! are progretung Tett retulti are 
verifying both deugn Co Kapil tor combuttion. cooling, and machan 
<cal integrity All goait appear capable ot being met. with the 
inception of NOtal. (Author) 

Ml 47769 * Low end high tpeed propeller! tor general 

aviation Performance potential and recent wind tunnel left retulti 

A J Jerecfc. and G A Mitcheb (NASA L*w>i Retra'ch Center. 
Oeveland, OHI Soi iery of Automotive Cny.noon. Business Aircraft 
Hoot mg and Captation Wichita. ATS. Apr 7 10. 1981. Papor 
810601 27 p 74 reft 

A turvey it pretented ot current irtearch efforts in general 
aviation low tpeed propeMei deugn and high tpeed proptan deugn. 
wdh attention on tuch teatu'ei at til advanced blade ihepet with 
novel airtoili and sweep (2) tip devioet. 131 itacated propeller 
necrll* deugnt. (41 ere* ruled ipmnri (5 1 lightwei^st, all compotit* 
teed# conttruction. and (61 contrarotating proptan tytterm Th# 
potential overall rmprovementt atuic.ated w th I hew deugn mod'*' 


cationt era calculated to Ire at 10 15X (or low tpeed rolort and 
16 SOX lor htgh tpeed ones Emphaut tt placed on non* reduction, 
blade drag. p*fforms~ce prediction methodi and w nd tunnel telling 
of alternator* rotor configuration! Eetanuv* ut* ci graphs it made in 
performance comparitom between alternative blade and rotO' 
detignt O.C. 


Ml 42779 * An overview ot general aeration propultton 

retrarch programs at NASA I "»» Research Cental E A W'lln and 
W C Sliack (NASA. Lewn Reteaich Center Cleveland OHI 
Society ol Automotive engineers Business Aircraft Mer’mg and 
inanition Wh lutj KS Apr 7 10 1981 Peper 810634 71 p 19 
reft. 

This pa| ror prewnti a brief overview and Inchmeal highlighti ut 
ir"o'*l aviation Ig al propulsion lewaich ettoiti amt studies which 
have been underway at NASA t Lewn Research Center (LeRCI tor 
the tunt several yean The review covert near term improvements lot 
current type piston engines, as well as studies and limited rotioboi* 
try* research on several advanced ga emetic concepts, including 
mewls small tu'hoproin and Loth piston amt rotary stratified ihargi 
engine! Abo described it basic combustion rewarrh. cycle modeling 
and diagnostic inst umantation wink that will br lequitrd to make 
the new engines * reality The discussion emphasr/et th* most 
recently completed studies and the basic underlying research work 
which have not been reported previously (Author t 


Ml 44226 * • Mining vfteclrvenau ten of an t a haul! gat 

mrear in a high by pets turbotan at altituda R R Cullrm L A 
Bu'kaidt (NASA. Lewis Retrarch Canter, Cleveland OHI and G A 
Botsula (Ui Army. Propulsion Laboratory. Cleveland. OHI 4/44 
SAC and ASMC Joint Propulsion Conference 17th Colorado 
Springs. CO July '» 39 1981 AIAAPai>er8l 1495 10 p 6 reft 
Thermal mining etteclivenett characteristics ol an eighteen lo.w 
Scalloped and untcalloped partial, forced miner weir maatunrd in a 
high bypass turbotan angina Data were also obtained without the 
miner installed, ir tree mining lasts were conducted at tout 
combinations of simulated flight conditions from 0 3 to 0 8 Mr h 
number and from 6 096 meters 120 000 ftl to 13.716 m 146 000 *tl 
altitude Mining chambri lengths ol L D 0 67 and 0 66 were tested 
For this iangr ot test conditions and miner configurations the forced 
mining vftectivenrts vnnrd from 69 to 68 peirrnt Values of muina 
effectiveness and total pirtsuie lots were calculated from tempera 
tutr and pleasure data obtained at the miner inlet and enhaust nozzle 
ceil (Authoi I 


Ml 49671 * Turbomachinary noise studies of th* AiR* 

se- OCGAT engine with inflow control J G MrArdtr. L 

Homyak. and D D Cnrultfci (NASA Lawit Rewarch Canter. 
Cleveland OHI American Institute of Aeronautics and Aproneutics 
Aeroaroustics Conference 7th Palo Alto. CA Oct 5 7 1981 Paine 
81 3049 16 p U reft 

Th* AiRetearch Quiet Clean General Aviation Turbotan engine 
was tested on a vertical Ml tan taritity to measure the acoustic 
pertoimance of two inflow control devices (ICDI o* similar design 
and three inlet lips cl different enternal shape Far field directivity 
patterns calculated by witting analyte* were compared with the 
measuied Ian fundamental trade passing frequency |RPF F I and 
broadband data Installing an ICO on an engine with hardwall duels 
reduced the BPT iFl ton* everywhere m th* tar field When th. ICD 
was installed on an engine with active acoustic panels, ton* reduction 
us the forward quaarant was comparable to that n th* h -dwell tests 
in the aft quadrant, however tone noise was attenuated by th* lergr 
acoustic panels in the bypass durt to such a degree that 'he ICO had 
little effect Tests to compare performance nt ICDs wdh hardwall 
wlet ducts showed only mmol differences in th* BFT (Fi directivity 
patterns. wAule broadband noise was rhe t*.sse for both Forward 
quadrant BPFIFI and broadband directivity patterns were found to 
be similar tor fhr inlet lips rested with a hardwall inter duct At hi(^ 
tan speeds however th* shape O' the analytical multimodal tone 
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pat’ein from (he exhaust nozzle was flatter than th« measured 
patterns. The sources of lobes from several propagating single modes 
found in the forward-quadrant BPF(F) data were attributed to 
rotor /strut interaction and the rotor-alone pressure field. J F. 


A81 -48628 * « Effects of blade-vane ratio and rotor-stator 
spacing on fan none with forward velocity. R P Woodward and F 
W Giaser INASA. Lewis Research Center. Cleveland. OHI American 
Intitule oi Aeronautics end Astronautics Aeroacoustics Conference. 
t'alo Alto CA. 0:t 5 7 1981 Paper or aC92 12 p 30 rets 
A research tar stage is acoustically tested i.i an an echoic wind 
tunnel with a 41 m sec tunnel flow Twotlaloi vane numbers giving 
cut on and cut-off conditions are tested at three rotor statoi spaemgs 
tanging from 0.5 to 20 rotor chords. Hot-film anemometer 
turbulence measurements are made at the leading edge of the stator 
for each spacing, and a crowed film anemometer is radially 
transversed to define streamwise ind upwash characteristics of the 
rotor blade wakes. Trends in the acoustic results are observed in the 
front and aft quadrants at 80% design Ian speed Aft quadrant results 
demonstrate a fundamental tone 9 dB lower tor the 25 vane stator 
than for the II vane stator, while overtone levels are 3 dB higher 
The cut off criterion strongly controls fundamental tone level at all 
spacing, and spacing trends of the wake detect upwash component 
show gooc agreement with corresponding cut-on acoustic tone levels 

0 L G. 


A81 -48635* > Comparison of predicted engine core noise 
with current and proposed aircraft noise certification requirements. 

U H von Glahn and 0 E Gtoesbeck INASA. Lewis Research 
Center, Cleveland. OH|. American Institute ol Aeronautics and 
Astronautics. Aeroacoustics Contererice, 7th, Palo Alto. CA. Oct 
57. 1981 Paper 81 2053 11 p 15 refs. 

Predicted engine core noise levels for subsonic CTOL aircraft 
engines are compared with measured total aircraft noise levels and to 
current and Proposed federal noise certification requirements. 
Comparisons are made at FAR 36 measuring stations and take into 
consideration bolt ' jll and cutback power operations at takeoff The 
spectral shape itit-d for the prediction of core noise is identified as 
the spectral envelope wth a peak at 400 Hr which is assumed to be 
shitted in flight by a Doppler shift in frequency Preceived noise 
levels are computed for appropriate engine power settings at desired 
flight conditions, and reductions in sideline noise levels are made to 
account tor |et and airframe shielding effects Results indicate that 
core noise can provide a barrier to the proposed EPA stage 4 and 5 
federal m 'e rules tor wide body aircraft, with the most severe core 
noise p'Clilem occurring at takeoff and sideline measuring stations 

OL G 


N81-12086** General Electric Co Evertdale. Ohio Aircraft 
Engine Business Gicjp 

ENGINE DIAGNOSTICS PROGRAM: CFS-S* ENGINE 

PERFORMANCE DETERIORATION 

Ray H Wulf Nov 1980 206 p refs 
(Contract NAS3-20631) 

INASA-CR 1598671 Avail NTIS HC A10/MF A01 CSCL 
21E 

Cockpit cruise recordings and test cell data in coniunction 
with hardware inspection results from airline overhaul shops were 
analyzed to define tho extent and magnitude *f performance 
deterioration of the General Electric CF6-50 high bypass turbofan 
engine The magnitude of short term deterioration was isolated 
from the long term and the individual damage mechanisms that 
were the cause for the matonty of the performance deterioration 
was identified It was determined that the long term engine 
performance deterioration characteristics were different for the 
3 aircraft types currently powered by the CF6-50 engine but 
these differences were due to operational considerations (flight 
length and takeoff deratel end not to differences associated with 
the aircraft type Unrestored losses, that is. performance 
deterioration which remains after engine refurbishment represents 
over 70 percent of the total performance deterioration at engine 
shop visit Superficial damage such as increased surface 


roughness, leading adga shape changes on airfoils, and increases 
in the average clearances between rotating and stationary 
components is the major contributor to these losses Seventy 
one percent of the unrestored losses are cost effective to restore, 
and if implemented could reduce fuel consumed by CF6-50 
engines by 26 million gallons in 1980 R CT 


N8 1-12086*1 General Electric Co. Cincinnati. Ohio 

CORE COMPRESSOR EXIT STAGE STUDY. VOLUME 9: 
DATA AND PERFORMANCE REPORT FOR SCREENING 
TEST CONFIGURATIONS 

0 C Wisler Nov 1980 53 p refs 

1 Contract NAS3-2C070) 

INASA-CR 159499; R80AEG313 Vd 3) Avail NTIS 

HC A04/MF A01 CSCL 2 IE 

Rear stage blading designs that have lower losses m their 
endwsll boundary layer regions were developed Test data and 
performance results for rotor B. stator B. and stator C - blading 
designs that offer promise of reducing endwsll losses relative to 
the baseline are given A low speed research compressor was 
the principal investigative tool The tests were conducted using 
four identical stages of blading so that the test data would be 
obtained in a true multistage environment S F 


N81- 12087*# Pratt and Whitney Aircraft Group. East Hartford. 
Conn 

ROTOR REDESIGN FOR A HIGHLY LOADED 1800 FT/SEC 
TIP SPEED FAN. 2 Final Report 

C R Bolt Dec 1980 185 p refs 
I Contract NAS3-20591) 

INASA-CR 159879. PWA-5523-92) Avail NTIS 

HC A09/MF A01 CSCL 21E 

Tests were conducted on a 0 5 hub/ tip ratio single-stage 
fan designed to produce a pressure ratio of 2 2E0 at an efficiency 
of 83 3 percent with a rotor tip speed of 548 6 m/sec 
(1800 ft/ sec I The rotor wes designed utilizing a quasi three 
dimensional design system and four-part, multiple circular arc 
airfoil sections The rotor ts the third in a senes of single-stage 
fans that have included a precompression airfoil design and a 
multiple-circular arc airfoil design The stage achieved a peak 
efficiency of 82 8 percent after performance had deteriorated by 
0 6 of a point The design mass flow was achieved at the peak 
efficiency point, and the stage total pressure ratio was 2 20. 
which is lower than the design goal of 2 28 The surge margin 
of 13% from the peak efficiency point exceeded the design goal 
of 7% Author 


AI81-12068*# AiResearch Mfg Co. Phoenix. Anz 
LOW-COST DIRECTIO N ALLY- SOLID IFITD TURBINE 
BLADES. VOLUME 2 

R E Dennis. G S Hoppm. III. and L G Hurst Apr 1979 
41 p 

(Contract NAS3 200731 

INASA CR 159562 AiResearch-21 2953 2-Vol 2) Avail NTIS 
HC A03/MF A01 CSCL 21E 

An endothermically heated technology was used to manufac 
ture low cost directionally solidified uncooled nickel-alloy blades 
ior the TFE731 3 turbofan engine The MAR U 247 and MER-M 
100 * Hf blades were finish processed through heat treatment, 
machining, and coating operations prior to 1 50 hour engine tests 
consisting of the following sequences (1) 50 hours of simu 
lated cruise cycling (high fetigie evaluation) 12) 50 hours at 
the maximum continuous power rating (stress rupture endurance 
(low cycle fatigual None of the blades visually showed any 
detrimental effects from the test This was verified by post test 
metallurgical evaluation The specific fuel consumption was 
reduced by 2 4% with the uncooled blades A R H 
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Nil 120*4*# Piatt and Whitney Anciatt Group last Hanford 
Conn Commaicial Product* Oiv 

Ot SIGN OF A MULTIVARIABLE INTIO PATIO CONTROL 

FOR A SUPERSONIC PROPULSION SYSTEM 

Edward C Baattia In NASA Lawn Raaaaich Cantai Propulsion 

Control* 1979 Oct I960 p 35 47 iat* iFor primary dccumant 

*aa NS t 1 7090 03 071 

A‘ • ,i Nils HC A07/ME A01 CSCl 211 

An mtat, angina nozzle integiatad contiol mod* lot Ih* 
piopul*ion systain ol an advancad supersonic conimaic 1 *! aircraft 
**■ itudiad Rasult* show that mtagiation ol then* contiol 
lunction* can laiult in both operational and paifoimanc* benefit* 
lot tha propulaion *y»t*m For scampi* thi* intagiatac contiol 
mod* may mak* it possible to minimii* tha u*a ol inlat bypa** 
ifcxxs toi thocL poanion contiol Thn may b* ol banaht to tha 
ancialt a* a i**ult ol minimizing III bypa** blood diag attact* 
(21 paituibatiom to lha anciatt laaultmg from tha *ida throat 
attact ol tha bypa** Need* and 131 potanlial unatart* ol Ih* 
mlat A conceptual integiatad contiol moda all developed 
which make* U*« ol many ciota coupling path* batwaan inlat 
and angina contiol variables and inlet and angina sensed variable* 
A multivaiiabl* contiol datign technique baaad upon Imaai 
quadrat* lagulatoi theory wa* applied to daaignmg Ih* laadback 
gam* loi this contiol to allow a simulation evaluation ol the 
banaht* ol tha integiatad contiol moda Authoi 


NS 1 12096*4 Piatt and Whitney Aircialt Group East Hanlon! 
Conn Government Product* Div 

PROPULSION CONTROLS 

Ronald D Haikney In NASA Lawit Research Cantai Piopulsion 
Control* 1979 Oct 1980 p 49 59 i*l» IFcm primary document 
*** N81 12090 03 071 
Avail Nils HC A07/MF A01 CSCl 211 

Inciaasad system i*qun*m*nis and lunctional mtagiation with 
tha ancialt have placed an mcraasad demand on control systam 
capability and isliability To provide these at an altoidable cost 
and weight and because ol the tapnl advance* in electronic 
technology hydromachanical systems at* being phased out in 
I even ol digital alactronic systems The transition ■* aspacled to 
b* oidaily horn alactronic Inmming ol hydromachanical controls 
lo lull authonty digital elect roruc control Future piopulsion systam 
controls will b* highly reliable lull authonty digital elactionic 
with selected component and circuit ladundancy to provid* the 
laquued safety and laliability Redundancy may include a complete 
backup control ol a difleient technology loi single engine 
applications Th* propulsion contiol will be lequirad to commu 
meat* rapidly with th* various flight and hi* control avionics •* 
part of an integrated control concept A R H 


MSI 12096*1 An Foie* Aero Propulsion Lab Wnght Patterson 
AfB Ohio 

FUTURE AIR FORCE AIRCRAFT PROPULSION CONTROL 
SYSTEMS THE EXTENDED SUMMARY PAPER 

Charles A Skua In NASA Lewi* Research Cental Propulsion 
Control* 19 79 Oct 1980 p 63 67 iFoi primary document 
see N81 12090 03 07) 

Avail NTIS HC A07 Ml A01 CSCL 21E 

Hydiomechamcal control technology simply cannot compete 
against th* perfoimance benefit* offered by elect tomes Future 
military ancialt propulsion contiol systems will be full authority 
digital electronic mnrop.ucessoi base systems Anticipating th* 
day when micioprocesaoi technology will permit th* integiation 
and management of aircieft flight control fne contiol and 
propulsion control Systems the An Foie* Aero Propulsion 
Laboiatory is developing control logic algorithm* foi a real time 
adaptive control and diagnostic inhumation systam A R H 


NS1 12087*| Boeing Military Anplan* Development Seattle 

Waah 

SHOULD WE ATTEMPT QLOBAL (INLET INQINE AIR 
FRAME) CONTROL DESIQN7 

Christopher M Caifin In NASA Law* Research Canter 
Piopulsion Controls 1979 Oct I960 p 71 82 (For primary 
document see N81 1 2090, 03 071 
Avail NTIS HC A07/MF A01 CSCL 21 E 

Th* feasibility of multivaiiabla design of the antne anplan* 
control system is briefly addiesaed An mteimediat* step in that 
duectmn is to design a control foi an inlet engine augmentoi 
system by using multivaiiabl* technique* Th* supeisonic ciuis* 
aige scale inlet leseairh progiam is desenbed which will provide 
an opportunity to develop integral* and wind tunnel test a 
control lor a miaed commeision inlet and vanabl* cycle engine 
Th* integrated propulsion airftame control progiam is also 
discussed which will introduce th* piobfem ol implementing MVC 
within a distributed processing avtomes architectuie requiting 
i*al time decomposition of the globe I design into independent 
module* in response to hatdwai* communication tailuie* M G 


NS1 12096* « Detroit Diesel Allison Indianapolis Ind 
ROAD MAP TO ADAPTIVE OPTIMAL CONTROL 

Robert Boyei In NASA Lewis Raaaaich Centei Propulsion 
Contiol* 1979 Oct 1980 p 83 K7 I Foi pnmary document 
see N81 12090 03 07) 

Avail NTIS HC A07/MF A01 CSCL 211 

A budding block control sliuclui* leading lowaid adaptive 
optimal control foi i*l engines is developed this approach 
simplifies th* addition of new features and allows for easier 
checkout of th* control by providing a baseline system k>i 
lompauson Also it is possible lo eliminate certain features that 
do not have payoff by being selective m th* addition ot new 
building blocks to be added to the baseline system Th* minimum 
usk approach specifically addresses the need foi active identihea 
lion of th* plant to be contiolled in teal time and teal time 
optimization ol the control for th* identified plant M G 


N81 12100** Virginia Polytechnic Inst and State Unrv 
Blacksburg 

ENGINE IDENTIFICATION FOR ADAPTIVE CONTROL 

Hobeit G Leonard and Eric M Ame*i In NASA Lewis Research 
Cantai Propulsion Controls 1979 Oct 1980 p 97 104 i*fs 
(Foi primary document see N81 12090 03 071 
(Giant N*G 3119) 

Avail NTIS HC AOT/MF A01 CSCL 21E 

An attempt to obtain a dynamic model foi a turbofan gas 
turbine engine foi th* purpose of adaptive contiol -a desc ribed 
The requirement* foi adaptive contiol indicate that a dynamic 
model should be identified from data sampled during engine 
operation The dynamic model identified was ot (he foim of 
lineai differential equations with time varying coefficients A 
turbine engine is however a highly nonlinear system so th* 
identified model would be valid only ovei a small aiea near th* 
operating point thus requiring frequent uprtating of th* coefficient* 
m th* model Therefore it is necessary that th* utentifrei us* 
only recent information to perform its function Th* id*ntiti*i 
selected minimized th* square ot th* equation errors Known 
linear systems were used lo test ih* chaise tenet* s of th* idenuti*' 
It was found that Ih* performance was dependent on Ih* numb*' 
ol data points used in the computation* and upon th* lime 
interval over which th* data points w*>* obtained Preliminary 
results using an engine deck for th* quiet clean shottheul 
etpanmenlal engine indicate that th* identitied mode) predicts 
Ih* engine motion well whan there • sufficient dyname 
information that is -when th* engine is m transient opeialion 

M G 
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Nil - 12101 *| Purdue Umv Lafayette Ind School of 
Mechanical Engineering 

MULTIVARIABLE NVQUIST ARRAY METHOD WITH 
APPLICATION TO TURBOFAN ENGINE CONTROL 

Gary G leiningei In NASA Lewie Research Canter Propulsion 
Controls 1979 Oct 1980 p 105 1 10 refs (For primer, document 
see N81 12090 03 071 
Avail NTIS HC A07/MF A01 CSCL 2 IE 

Estensions to the multivariable Nyquist anay (MNAI method 
are used to design a feedback contiol system for tha quiet 
clean shorthaul experimental engine The lesults of this design 
are compared with those obtained from the deployment of an 
alternate control system design on a full scale nonlinear leal 
time digital simulation The results cleaily demonstrate the 
utility of the MNA synthesis proceduies for highly nonlinear 
sophisticated design applications M G 


N81 12102*1* Bendix Coip Oetroit. Mich Eneigy Control 
Oiv 

MULTIVARIABLE SYNTHESIS WITH TRANSFER FUNC 
TIONS 

Joseph L Peczkowski In NASA Le vis Reseaich Center 
Propulsion Controls 1979 Oct 1980 p 111 127 refs (For 
primary document see N81 12090 03 071 
Avail NTIS HC A07/MF A01 CSCL 21E 

A transfer function design theory for multivariable control 
synthesis is highlighted The use of unique transfei function 
matrices and two simple basic relationships a synthesis equation 
and a design equation am presented and illustrated This 
multivariable traicfei function approach provides the designei 
with a capability to specify directly deseed dynamic relation hips 
between command variables and controlled oi response variables 
At the same time insight and influence over response simplifies 
lions and internal stability is afforded by the method A general 
comprehensive multivariable synthesis capability is indicated 
including nonminmum phase and unstable plants Gas tuibine 
engine examples aie used to illustiate the ideas and method 

M G 


NB1 -13067'# Pratt and Whitney Aircraft Group East Hartford 
Conn Commercial Products Div 

MODEL AERODYNAMIC TEST RESULTS FOR TWO 
VARIABLE CYCLE ENGINE COANNULAH EXHAUST 
SYSTEMS AT SIMULATED TAKEOFF AND CRUISE 
CONDITIONS Final Report 

D P Nelson 17 Dec 1980 70 p refs 
(Contract NAS3 200611 

(NASA CR 159818: PWA 5650 371 Avail NTIS 

HC A04/MF A01 CSCL 21E 

Wind tunnel tests weie conducted to evaluate the aerodynamic 
performance of a coannular exhaust nozzle for a proposed 
variable stream control supersonic propulsion system Tests weir 
conducted with two simulated conhguiations differing primarily 
in the fan duct flowpaths a short flap mechanism foi fan stream 
control with an isantropic contoured flow splittei and an ins 
fan nozzle with a conical flow splitter Both designs featuie a 
translating primary plug and an auxiliary inlet eieclor Tests weie 
conducted at takeoff and simulated cruise conditions Data 
were acquired at Mach numbers of 0 0 36 0 9 and 2 0 for a 
wide range of nozzle operating conditions At simulated supersonic 
cruise both configurations demons! iaied good performance 
comparable to levels assumed m earlier advanced supersonic 
propulsion studies However at subsonic cruise both configure 
lions exhibited performance that was 6 to 7 5 percent less than 
the study assumptions At take off conditions the iris configuiatnn 
performance approached the assumed levels while the short 
flap design was 4 to 6 percent less Authoi 


NS11M63*# Teledyne Continental Motors. Motels. Ala Aircraft 
Products Div 

ADVANCED TECHNOLOGY SPARK- IGNITION AIRCRAFT 
PISTON ENGINE DESION STUDY Final Report 

Kenneth J Stuckas Nov I960 127 p raft 
(Contract NAS3-21272) 

(NASA-CR- 165162) Avail NTIS HC A07/MF A01 CSCL 
21G 

Tha advanced technology, spark ignition, aircraft piston engine 
design study was conducted to determine the improvements that 
could be made by taking advantage of technology that could 
reasonably bo expected to be made available for an angina 
intended for production by January 1. 1990 Two anginas were 
proposed to account tor levels of technology considered to be 
moderate risk and high risk The moderate nak technology engine 
is a homogeneous charge angina operating on avgas and offers 
a 40% improvement in traneportetion efficiency over preeent 
designs The high ink technology engine, with e stratified charge 
combustion system using kerosene -baaed fat fuel, protects a 66% 
improvement In transportation efficiency Technology enablement 
program plans are proposed herein to set a timetable tor the 
successful integration of each dam of required advanced 
technology into the angina design Auth- r 


N81 15002*4 Pian and Whitney Aircraft East Hartfoid Conn 

ENERGY EFFICIENT ENGINE DIFFUSEH/COMBUSTOR 
MODEL TECHNOLOGY 

WB Gardner Jun 1980 62 p isfs 
(Contract NAS3 206461 

(NASA CR 166157 PWA 5594 1221 Avail NTIS 

HC A04/MF A01 CSCL 2 IE 

A full scale full annulai diffuser/ combustor model test ng 
was tested to investigate how configuiational changes affect 
pressure loss and flow sepaiation characteristics The rig was 
characterized by five maior modules inlet piediffusei strut 
simulated combustor and full combustor The piediffusei featured 
a short curved wall dump design Performance goals included 
(1) s separation free piediffusei flow field (2) total pressure 
loss limited to 3 0 percent in the piediffusei and shiouds and 
(3) an overall section pleasure loss of 5 5 percent P sub T3 at 
the design airflow distribution The results indicated that the 
prediffusei configurations opeiate well within the program goals 
foi pressure loss and demonstrate sepaiation free opeiation over 
a wide range of inlet conditions R C T 


N81-1S003*| Spectron Development Labs Inc Costa Mesa 
Calif 

FUEL INJECTOR CHARACTERIZATION STUDIES Final 
Report 

Michael J Houser and William D Bachalo Oct 1980 54 p 

tefs 

(Contract NAS3 212881 

(NASA CR 165200 SDL 80 2122 13F) Aval NiTS 
HC A04/MF A01 CSCL 2 IE 

The atomization of seveial general aviation piston enginu 
manifold port fuel iniectors was investigated The iniectors were 
installed in a lest ng and operated under simulated conditions 
Laser interferometric techniques weie used to optically piobe 
the spiay droplet fields for droplet size and velocity at numerous 
spatial locations throughout the field R C T 
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Nil - 15004*11 General Electric Co Cincinnati. Ohio Ancratt 
Engine Group 

AERODYNAMIC STABILITY ANALYSIS OF NASA J86 13/ 
PLANAR PRESSURE PULSE GENERATOR INSTALLATION 

K Chung W M Mosny and W G Steenken Nov 1980 
168 p reft 

(Contract NAS3-2 12591 

INASA CR 165141 R80AEG429I Avail NTIS 

HC A08/MF A01 CSCL21E 

A digital computer nmulatinn model lor the J85 13/ Planar 
Pressure Pulse Generator (P3 G) test installation was developed 
by modifying an amsting General Electric compression system 
model This modification included the incorporation of a novel 
method tor describing the unsteady blada lift force This approach 
significantly enhanced the capability of the model to handle 
unsteady flows In addition the frequency response characteristics 
of the J8S 13/P3G test installation ware analyred in support of 
selecting instrumentation locations to avoid standing wave nodes 
within the test apparatus and thus low siqnal levels The feasibility 
of employing explicit analytical expression for surge prediction 
was also studied JMS 


Nil- 16006*1 General Electric Co Cincinnati. Ohio Aircraft 
Engine Group 

TF34 ENGINE COMPRESSION SYSTEM COMPUTER 
STUOV 

W M Hosny and W G Steenken Jun 1979 93 p refs 
(Contract NA*'*' 205991 

INASA CR 159889 R78AEG61?) Avail NTIS 

HC A05/MF A01 CSCL21E 

The stability of the fan and the compressor components 
was examined individually using linearized and time dependent 
one dimensional stability anal sis techniques The stability of 
the fan core integrated compies* on system was investigated 
using a two dimensional compression system model The 
analytical equations on which this model was based salisfied 
the mass axial momentum radial momentum and energy 
conservation equations for flow through a finite control volume 
The results gave an accurate simulation of the flow through the 
compresston system The speed lines of the components were 
reproduced the points of instability were sen- «tely predicted 
the locations where the instability was initiated in the fan and 
the core were indicated and the variation of the bypass ratio 
during flow throttling was calculated T he validity of the 
analytical techniques was then established by comparing these 
results with test data and with results obtained from the steady 
state cycle deck JMS 


N81 15006*# Pratt and Whitney Aircraft Group East Hartford 
Conn Commercial Products Dtv 

COST BENEFIT ANALYSIS OF AOVANCEO MATERIALS 
TECHNOLOGIES FOR FUTURE AIRCRAFT TURBINE 
ENGINES Final Report 

G E Stephens Aug 1980 49 p refs 
(Contract NAS3 200721 

INASA CR 165225 PWA 57551 Avail NTIS 

HC A03/MF A01 CSCL 21E 

The materials technologies studied included thermal barrier 
coatings for turbine airfoils turbine disks cases turbine vanes 
and engine and nacelle composite materials The cost/benefit of 
each technology was detarmmed m terms of Relative Value defined 
as change in return on investment times probability of success 
divided by development cost A recommended final ranking of 
technologies was based primarily on consideration of Relative 
Values with secondary consideration given to changes in other 
economic perameters Technologies showing the most promising 
coat/benefits were thermal bamer coated temperature nacelle 
engine system composites T M 


N81 19061*| General Electric Co Cincinnati. Ohio Auciah 
Engine Group 

CORE COMPRESSOR EXIT STAGE STUDY VOLUME 2 

DATA AND PERFORMANCE REPORT FOR THE SASELINE 

CONFIGURATION 

D C Wislet Nov 1980 178 p refs 

(Contract NAS3 20070) 

INASA CR 159498 R80AEG312 Vol 21 Avail NIIS, 

HC A09/MF A01 CSCL 2 IE 

The ob;ective of the program is to develop iea> stage blading 
designs that have lower losses in their enlwall boundary lava' 
regions The overall technical approach m this efficiency 
improvement program utliltad Gene-el Electrics low Speed 
Research Compressor as the punr.pal investigative tool Tests 
were conducted in two ways using four identical stages of 
blading so that test data would be obtained m a true multistage 
anvironmant and using a single stage of blading so that comparison 
with the multistage test results coulu be made T M 


Nil 16067*| Avco Lycoming Oiv Stratford. Conn 

DESIGN ANC EVALUATION OF AN INTEGRATED QUIET 
CLEAN OENEPAL AVIATION TURBOFAN IOCOAT) ENGINE 
ANO AIRCRAFY PROPULSION SYSTEM Flnl Report. Dec. 
1976 Apr. 1M0 

Jon German Pht'-n Fogel. and Craig Wilson Apr I960 226 p 
refs 

(Contract NAS3 205841 

(NASA CR 165185 LYC 80 27) Avail NASA Industrial 
Application Canter CSCL 2 IE 

The engine and nacelle system design was to demonstrate 
the applicability of large turbofan engine technology to small 
turbofans suitable for the general aviation market The design 
was based on the LTS-101 engine family for the core engine 
A high bypass fan design (BPR - 9 4) was incorporated to provide 
reduced fuel consumption for tha design mission All acoustic 
and pollutant amissions goals were achieved A discussion of 
the preliminary destgn of a business |et suitable for the developed 
propulsion system is also included Large engine technology can 
be successfully applied to small turbofans, and noise or pollutant 
levels need not be constraints for the design of future small 
general aviation turbofan engines T M 


N81- 17078*# General Electric Co Cincinnati. Ohio Aircraft 
Engine Group 

▼URSINE MODE UNO TECHNIQUE TO GENERATE OFF 
DESIGN PERFORMANCE DATA FOR BOTH SINGLE ANO 
MULTISTAGE AXIAL-FLOW TURBINES Ca nu e eS ai Report. 
Aug 1B7S - Aug 1BS0 

G L Converse Fab 1961 46 p refs 
(Contract NAS3-21999) 

(NASA-CR 166244. RS1AEG218) Avail NTIS 

HC A03/MF A01 CSCL 21 E 

This technique is applicable to larger axial flow turbines 
which may or may not incorporate variable geometry m the first 
stage stator A user specified option wiM aleo permit tha calculation 
of design point cooling flow levels and tha correapondmg change 
in turbine efficiency Tha modeling technique was incorporated 
into a time sharing computer program m order to facilitate its 
use Because this -sport contains a description of the input output 
data, values of typical inputs, and example cases it is suitable 
es a user s manual T M 


NS1 1707S*| Pratt and Whitney Aircraft Group East Hartford 
Conn 

COMBUSTOR LINER DURABILITY ANALYSIS Final 
Report 

V Moreno Feb 1981 84 p refs 
(Contract NAS3 21836) 

(NASA CR 165250 PWA 6684 191 Avail NTIS 

HC A05/MF A01 CSCL 2 IE 

Ar. IS month combustor knar durability analysis program 
was «• unducted to evaluate the use of advanced three dimensional 
t-ansiem neat transfer and nonlinear stress-strain analyses for 
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modeling the cyclic ttiennomechanical response ol a simulated 
combuiloi Imai specimen Cyclic hfe piadiction technology Kx 
cieep/fatigue mteiection i* evaluated lot a variety ol atata of-the- 
art tools lor crack initiation and propagation The sensitivity o I 
the initiation models to a change m the operating conditiona la 
alao aaaaaaad ARM 


NS1- 170G0*f Pratt and Whitney Aircraft Group. Eaat Hartford 
Conn Commercial Products Otv 

Jl£?-1S/17 HIGH PRESSURE TURBINE ROOT DIS- 
CHARRIO BLADE PERFORMANCE IMPROVEMENT 
CawNaaaai Report Rap. 1B7B Aug 1MO 

A S Jenua IB Fab IBBt 60 p rafa 
(Contract NAS3-20630) 

(NASA-CR- 1 66220. PWA-661S-13SI Avail NTIS 

HC A04/MF A01 CSCL 211 

The JT6D high praaaura turbine Made and aval ware modified 
uamg a more efficient Made cooling system improved an foil 
aerodyne mica, more affective control of secondary Rows, and 
improved Made bp sealing Engine taatmg wee conducted to 
determine the affect of thaaa improvements on performance 
The modified tuibme pochago demonstrated significant thrust 
spe ci fi c fuel consumption and exhaust gas temperature Improve 
manta m sea level and altitude angina tests Inspection of the 
improved Made and seal hardware after taatmg revealed no unusual 
wear or degr a dation RCT 


N81-170G1*# Pratt and Whitney Aircraft Group East Hartford 
Conn Commercial Products Dm 

MODEL AERODYNAMIC TE6T RESULTS FOR TWO 
VARIABLE CYCLE ENGINE COANNULAR EXHAUST 
SYSTEMS AT SIMULATED TAKEOFF AND CRUISE 
CONDITIONS. COMPREHENSIVE DATA REPORT 
VOLUME 1: DESIGN LAYOUTS 
0 P Nelson Jan 1B61 40 p refs 
(Contract NAS3-20061) 

(NASA-CR 166616 Vol 1 PWA 6660 60 Vol 1 ) Avail NTIS 
HC A03/MF A01 CSCL 2 IE 

The design layouts and detailed design drawings of coennular 
exhaust noute models for s supersonic propulsion systsm era 
presen t ed The layout drawings show the assembly of the 
component parts lor each configuration A listing of the component 
parts is also given M G 


NS1 170S2*f Pratt and Whitney Aircraft Group East Hartford 
Com Commercial Products Dm 

MODEL AERODYNAMIC TEST RESULTS FOR TWO 
VARIABLE CYCLE ENGINE COANNULAR EXHAUST 
SYSTEMS AT SIMULATED TAKEOFF AND CRUISE 
CONDITIONS. COMPREHENSIVE DATA REPORT 
VOLUME 1: TABULATED AEROVNAMIC DATA BOOK 1 

0 P Nelson Jan 1661 400 p refs 
(Contract NAS3- 20061) 

(NASA-CR - 1 566 1 6 Vol- 2 6k I PWA 6660-60-VM-2 Sk- 1) 
Avail NTIS HC A17/MF A01 CSCL 21E 

Tabulated data from wind tunnai tests conducted to evaluate 
the aerodynamic performance of en advanc e d coennular exhaust 
nosste for a future supersonic propulsion system are presented 
Tests were conducted with two test configurations (Da short 
flap mechanism for fan stream control with an nootropic contoured 
Row splitter and (2) an me fan norite with a conical Row splitter 
Both designs feature a transla t ing primary plug end an auxiliary 
edet erector Teats were conducted si takeoff and simulated 
craws conditions Oats were acquired at Mach numbers of 0. 
ON 06 end 2 0 tor a wide range of noute operating conditions 
At simulated supersonic craws, both configurations demonstrated 
good performance comparable to levels assumed m earker 
advanced supersonic propulsion studws However at subeonic 
craws both conRguratwns axhrbited performance that was 6 to 
7 6 percent leas than the study assump t ions At takeoff conditions 
the me configuration performance approached the assumed levels 


N81-17GSS*! Pratt and Whitney Aircraft Group East Hartford. 
Com Commercial Products Dm 

MODEL AERODYNAMIC TEST RESULTS FOR TWO 
VARIABLE CYCLE ENGINE COANNULAR EXHAUST 
SYSTEMS AT SIMULATED TAKEOFF AND CRUISS 
CONDITIONS. COMPREHENSIVE DATA REPORT. 
VOLUME S: TABULATED AERODYNAMIC DATA BOOK 1 
0. F N el s o n Jan 1SSI 446 p refs 
(Contract NAS3-2006D 

(NASA-CR 16661S Vol 2 6k 2 PW A-6660-60-Vol-2 Bk-2) 
Avan NTIS HC A1S/MF A01 CSCL 21C 

Tabula tad aerodynamic data from coennular nouls parlor 
mance teats era given tor teat rune 2E through 37 The data 
include noute thrust coeffi ci ent parameters, noute discharge 
c oafR c wnts. and static praaaura tap measurements M G 


NS1-170G4*# Pratt and Whitney Aircraft Group. East Hertford. 
Com Commercial Products Dm 

MODEL AERODYNAMIC TEST RESULTS FOR TWO 
VARIABLE CYCLE ENGINE COANNULAR BXHAUGT 
SYSTEMS AT SIMULATED TAKEOFF AND CRUISE 
CONDITIONS. COMPREHENSIVE DATA REPORT. 
VOLUME S: TABULATED ABROOVNAMIC DATA BOOK S 
D P Nelson Jan 1ES1 467 p reh 
(Contract NAS3-20061) 

(NASA-CR 166616-Vd 2-6k-3. PWA-5660-6 Voi 2 6k 3) Avail 
NDS HC A20/MF A01 CSCL 21E 

Tabulated data from wind tunnel tests evaluating the 
aerodynamic performance of coennular exhauet noutee are given 
for test rune 37 through 66 MG 


N61-170S6*| Pratt end Whitney Aircraft Group. East Hartford. 
Conn Commercial Products Dm 

MODEL ABROOVNAMIC TEST RESULTS FOR TWO 
VARIABLE CYCLE ENGINE COANNULAR EXHAUST 
SYSTEMS AT SIMULATED TAKEOFF AND CRUISE 
CONDITIONS. COMPREHENSIVE DATA REPORT. 
VOLUME 3: GRAPHICAL DATA BOOK 1 
0 P Nelson Jen 1661 411 p reft 
(Contract NAS3 20061) 

(NASA CR 166616 Vol 3 6k- 1 PWA -6660-60- Vol- 3- 6k- 1 1 
Avail NTIS HC A16/MF A01 CSCL 21E 

A graphical presentation of the aerodynamic data acquired 
during coennular noute performance wind tunnai teats w given 
The graphical data consist of plots of noute gross thrust coefficient 
fan noute discharge co effi ci ent and pnmary noute discharge 
coefficient Normalised model component static pressure 
distributions are presented as a function of pnmary total pressure, 
fan total pressure, end ambient static pressure for selected 
operating conditions In addition, the supersonic craws configure 
non data include plots of noute effi c iency end se c onds ry-to- fan 
total pressure pumping chsractenebcs Supersonic and subsonic 
craws data are given M G 


NS 11 7066* f Pratt end Whitney Aircraft Group East Hartford. 
Conn Commercial Products Dm 

MODEL AERODYNAMIC TEST RESULTS FOR TWO 
VARIABLE CYCLE ENGINE COANNULAR EXHAUST 
SYSTEMS AT SIMULATED T AKBOFF AND CRUISS 
CONDITIONS. COMPREHENSIVE DATA REPORT. 
VOLUME S: GRAPHICAL DATA BOOK 3 
0 P Nelson Jan 1661 462 p 
(Contract NASS 20061) 

(NASA CR- 16661 B-Vol-S Bk 2 PWA-6660-60-Vol-3-Sk-2) 
Avan NTIS HC A21/MF A01 CSCL 21E 

Graphical data from wind tunnai tests of variable cycle engine 
coennular exheuel noute* are given SpecihcaRy aerodynamic 
data for takeoff conditions are presented M G 
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N81-17Q87# Genera I Electric Co. Cincinnati Ohio Aircraft 
Engma Group 

SAMARIUM COBALT (BMCO) GENERATOR /ENGINE 
IN TIB RATION STUDY Final R apart. Aug. 1S77 ■ Bag. 
1B7B 

Herbert F. Do mat Eika Richter Chartaa F Trtebel. Rohan C 
Webb. and Mai Saumgardnar Wnght Patterson AFB. Ohio 
AFWAL Apr 1SS0 348 p refs 
(Contract F33616 77 C 2018. AF Pro, 3148) 

(AD-A092904 R7SAEG123. AFWAL-TR-80-2022) Avail 
NTIS HC A18/MF A01 CSCL 21/8 

Thu atudy conaiata of integrating a generator/ a tartar internally 
on the angina rotor ohaft. providing both secondary electric power 
and angina starting The integrated angina gener a tor/ starter 
(IEG/SI has bean analysed and conceptually daa l gnsd for throe 
power levels and three angina categories The preliminary layouts 
and su pporting analysis of the rata earth, permanent magnet 
machine mdicete that the IEG/S concept la a technicaby feasible 
approach to secondary poorer extraction and angina starting 

GRA 


NS1-178BB*f General Electric Co Cincinnati Ohio 
VCi EARLY ACOUSTIC TEST RESULTS OF GENERAL 
ELECTRIC'S HIGH RADIUS RATIO COANNULAR PLUG 
NOZ2LE C 71 

Paul R Knot, J F Brsusch P K Bhutiam R K Majjigi and 
V L Doyle In NASA Langley Research Cantar Supersonic 
Cruise Res 1979 Pt 1 Mai 1980 p 417 452 refs (For 
primary document see N81- 17981 09 01 1 
(Contracts NAS3 20582 NAS3 216081 
Avail NTIS HC A23/MF A01 CSCL 20A 

Results ol variable cycle engine (VCE) early acoustic engine 
snd model scale tests are presented A summary ol an extensive 
senes ol far held acoustic advanced acoustic and exhaust plume 
velocity measurements with a laser velocimeter ol inverted velocity 
and temperature profile high radius ratio coannular plug nozzles 
on a YJ101 VCE static engine test vehicle are reviewed Select 
model scale simulated flight acoustic measurements lor an 
unsuppresaed and a mechanical suppressed coannular plug nozzle 
are also discussad The engine acoustic noule tests verily previous 
model scale noise reduction measurements The engine measure 
ments show 4 to 8 PNdB aft quadrant iet noise reduction snd 
up to 7 PNdB forward quadrant shock noise reduction relstrve 
to a fully mixed conical nozzle at the same specific thrust snd 
mixed pressure ratio The influences ol outer nozzle radius ratio 
inner stream velocity ratio, and area ratio are discussed Also 
laser vetocimeter measurements of mean velocity and turbulent 
velocity of the YJ101 engine are illustrated Select model scale 
static and simulated flight acoustic measurements are shown 
which corroborate that coannular suppression is maintained in 
forward speed M G 


N81- 1B088*| General Electric Co Evendele Ohio Aircraft 
Engine Group 

ENERGY EFFICIENT ENGINE: FLIGHT PROPULSION 

SYSTEM PRELIMINARY ANALYSIS ANO DESIGN Topical 
Report. Jem. ■ Nov 1878 

R P Johnston R S Bedler. R 0 Bobtnger C L Broman R 
0 Grevitt H Hemeks P R Holloway J S Klem D 0 Nash 
and P Ortiz Jun 1980 276 p refs 
(Contract NAS3 20643) 

INASA CR 169583 R79AEG623I Avail NTIS 

HC A12/MF A01 CSCL 2 IE 

The charactenetics of an advanced flight propulsion system 
IFPS) suitable for introduction m the lete 1980s to early 1990s 
was more fully defined It was determined that all goals for 
efficiency environmental considerations and economics could be 
met or exceeded with the possible exception of NOx emission 
In evaluating the FPS all aspects were considered including 
component design performance weight initial cost maintenance 
cost engine system integration (including nacelle I and aircraft 
integration considerations The current FPS installed specific fuel 
consumption wee reduced 14 2% from that of the CF6 50C 
reference engine When integrated mio an advanced subsonic 
study transport the FPS produced a fuel bum savings of 16 to 


23% and a direct operating cost reduction of 6 to 12% depending 
on the mission and study aircraft characteristics relstrve to the 
reference engine E 0 K 


N81 19117*| Ai Research Mfg Co. Phoenix. Anz 

OSNIRAL AVIATION TURBINE ENGINE (GATE) STUDY 

C. F Bears, and D G Furst 6 Feb 1878 274 p refs 
(Contract NAS3-20766) 

(NASA CM- 189482; AiReaeerch 21-2897) Avail NTIS 
HC A12/MF A01 CSCL 21E 

The leseibiitv ol turbine engines lor the smaller general 
aviation aver eft was investigated and a technology program for 
developing the necessary technology was identified Maior results 
included the definition ol the 198R general aviation market the 
identifi c ation ol turboprop and turboenaft engines that moat the 
requirements ol the aircraft studies a benofit analysts showing 
the superiority ol gas turbine anginas for portion* of the mart'll 
studied and detailed plans for the development of the neceruary 
technology J MS 


N81-18118*f Detroit Diesel Allison Indwnapohs Ind 

CERAMIC APPLICATIONS IN TURBINE ENGINES Samian 

nual Pragmas R eport. 1 Jul. 1878 ■ 3 Dec. 1878 

Michael S Hudson Michael A Janovicz and Franklin A Rockwood 

May 1980 167 p iefs 

(Contracts DEN3 17 EC 77 A 31-10401 

(NASA CR 159865 EDR 101661 Avail NTIS 

HC A08/MF A01 CSCL 2 IE 

Ceramic material characterization and testing of ceramic nozzle 
vanes turbine tip shrouds, and regenerators disks at 36 C above 
the baseline rnoma TIT and the design analysis fabrication and 
development activities am described The design of ceramic 
components for the next generation engine to be operated at 
2070 F was completed Coupons simulating the cntical 2070 F 
rotor blade was hot spm tested for failure with sufficient margin 
to quality sintered silicon nitride and sintered silicon carbide 
validating both bw attachment design and finite element strength 
Progress mede m increasing strength minimizing vanabAty and 
developing nondestructive evaluation techniques is reported 

E AK 


N81 19118*# AiResaarch Mfg Co. Phoenix. Ariz 

QCGAT MIXER COMPOUND EXHAUST SYSTEM DESIGN 
ANO STATIC BIO MOOEL TEST REPORT 
W L Black more and C E Thompson 31 Oct 1978 336 p 
refs 

(Contract NAS3 20686) 

(NASA CR 136386. AiResaarch 21 2861) Avail NTIS 
HC A1B/MF A01 CSCL 2 IE 

A mixer exhaust system was designed to meet the proposed 
performance and exhaust ,e( noise goals for the AiResaarch 
QCGAT engine Some 0 36 scale models of the various nozzles 
were fabricated and eerodynamicallv and acoustically tested 
Preliminary optimization engine cycle matching model test data 
and analysis are presented A final mixer exhaust system is 
sele c ted for optimum performance for the overall flight regime 

ARH 


N81 • 19120*| Avco Lycoming Dm Stratford Conn 

DE8I0N OF AN EXHAUST MIXER NOZZLE FOR THE 
AVCO LVCOMINO QUIET CLEAN OENERAL AVIATION 
TURBOFAN (QCGAT) 

John F Hurley Leonard Anson and Craig Wilson Aug 1978 
46 p refs 

(Connect NAS3 20884) 

(NASA CR 169426. LVC 79 36) Avail NTIS 

HC A03/MF A01 CSCL 21E 

This report describe* the design configuration and method 
used to design the forced engma exhaust to bypass air mixing 
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system for Lycoming's QCGAT angina This miser is en integral 
part of the total angina and nacelle system and was configured 
to reduce the propulsion system noise and fuel consumption 
lave Is Author 


NB1-I007B*f Pratt and Whitney Aircraft. Weet Palm leach. 
Fla Government Products Dlv. 

KXTINOID PMQUINCV TURBOPAN MODIl Pinal 

J R Maaon. J W. Perk, and R. F Jaekel 11 Dec 1M0 
104 p refs 

(Contract NAS3-21607) 

(NASA-CR-166261; FR-13993) Avail: NTIS 

HC AOI/MF A01 C8CL 21E 

Thf fan moM wtt divtiopid minp two dlfntmionil modttlnQ 
techniques to add dynamic radia 1 coupling between the core 
stream end the bypass stream uf the fan When incorporated 
into a complete TF-30 engine simulation, the fan model greatly 
improved compr eee ion system frequency response to planar inlet 
pressure disturbances up to 100 Hi The improved simulation 
also matched engine stability limits at 15 Hi. whereas the one 
dimensional fan model recuired twice the inlet pressure amplitude 
to stall the simulation Wth verification of the two dimensional 
fan model, this program ■ormulated a high frequency F- 100(31 
engine simulation using row by row tomprassion system 
characteristics In addition to the F- 100(31 remote splitter fan. 
the program modified the modal fen characteristics to simulate 
a proKimate splitter version of the F- 100(3) engine T M 


Nil -220l1*f General Electric Cn . Cincinnati. Ohio 

EMC ROY EFFICIENT ENGINE PLIANT PROPULSION 
SYSTEM: AIRCRAFT ENGINE INTKORATION EVALUA 

TTON Osaka Raped. Jan. 1S7S - Rev. 1171 

R. F. Pan Jun 1M0 321 p refs 
(Contract NAS3-20643) 

(NASA CR 169614. R7SAEG274) Avail NTIS 

HC A1S/MF A01 CSCL 21E 

Reeults of aircraft/ engine integration studies conducted on 
an sthranced flight propulsion system am reported Economic 
evaluations of the preliminary design are included and indtente 
that program goals wril be met Installed sfc. DOC. noise, arm 
emissions were evaluated Aircraft installation considerations and 
growth were reviewed J M S 


N81-22062*# General Electric Co . Lynn. Maas 

QUICT CLEAN QENCRAL AVIATION TURBOPAN (QCGAT) 

TECHNOLOGY STUDY. VOLUME 1 Pinal Report 

Dec 1S76 193 p refs 
(Contract NAS3- 19429) 

I NASA -CR- 164222: R75AEG026-Vol- ’) Avail: NTIS 

HC A09/MF A01 CSCL 21E 

The prehmanary design of an e.igi na which satisfies the 
requirements of a quiet, dean, general «■ nation turbofan (QCGAT) 
engine • des e nbe d Also an espenmental program to demonstrate 
performance is sugges t ed The T700 QCGAT engine preliminary 
design indicates that it will radiate nowe at the same level as 
an aircraft without engine noise, have exhaust emissions within 
the EPA 1961 Standards, have lower fuel consumption than is 
avsilabia in comparable siis engines, and have sufficient life for 
five years between overhauls M G 


N81 -22061*# General Electric Co E vandals. Ohio 
DEMON CONCEPTS POR LOW-COST COMPOSITE TUR- 
BOPAN BNOINE PRAME PM Report 

S C Mitchell and L J Stoffer Oct I960 70 p refs 
(Contract NAS3-22160) 

(NASA CR- 1662 17; R61AEG311) Avail NTIS 

HC A04/MF A01 CSCL 21E 

Design concepts for low coat, lightweight composite engine 
frames were applied to the design requirements for the frame 
of a commercial, high bypass engine Four altemetivo composite 
frame design concepts identifted which co nsi st ed of generic type 


components and subcomponents that could be adapted to use 
in umvivni lociiioni m in# Boyffi# #na m# otn#r#fii #nQtr># ium 
A variety of materials snd manufacturing methods wars protected 
with a goal for the lowest number of ports at the lowest 
possible cost After a preliminary evaluation of all four frame 
c on c epts, two designs wars selected for an extended design 
and evaluation which narrowed the final selectio n down to one 
frame that was significantly lower m cost and slighty lighter 
than the other frame An implementation plan for this lowest 
cost frame is proje c ted for future development and includes 
prospects for reducing its weight with proposed unproven, 
innovative fabrication techniques Author 


A61-20767 * 0 A model for ths analysis of ptamixing- 
prsvsporning fuel-air mixing passages. 0. L. Anderson. L. M. 
Chiappetta. snd J. B. McVey (United Technologies Research Center. 
East Hartford. Conn.). American Institute of Aeronautics and 
Astronautics, Aerospace Sciences Meeting. 19th, St. Louis, Mo.. Jail. 
12-15, ’ 981 . Paper 814345 11 p. 16 refs Contract No. NAS3 
21269 

A model for predicting the distribution of liquid fuel droplets 
and fuel vapor in premixing-prevaporiiing fuel-air mixing passages 
has been developed. The analysis involves successive application of 
computer codes which calculate the two dimensional or axisymmet 
ric air flow field, calculate the three dimensional fuel droplet 
trajectories and evaporation rates; and calculate the fuel vapor 
diffusing through a moving air stream. A description of the more 
important features of the model and the results of a design study on 
two premixing fuel-air passages are presented. (Author) 


A8 129987 * u Interactive multi-mods blsds impact analysis. 

A. Alexander (Hercules. Inc., Allegany Ballistics Laboratory. Cum- 
berland. Md.). American Society of Mechanical Engineers. Gas 
Turbine Conference and Products Show, Houston. Tex.. Mar 9- 12. 
1981. Paper 81-GT-79. 11 p. Members. $2.00; nonmembers. $4 00. 
Contract No. NAS3 20091. 

This paper describes the theoretical methodology used in 
developing an analysis for the response of turbine engine fan blades 
subjected to soft body (bird) impacts and the computer program that 
was developed using this methodology as its basis. This computer 
program is an outgrowth of two programs that were previously 
developed for the purpose of studying problems of a similar nature (a 
three mode beam impact analysis and a multi mode beam impact 
analysis). The present program utilizes an improved missile model 
that is interactively coupled with blade motion which is more 
consistent with actual observations. It takes into account local 
deformation at the impact area, blade camber effects, and the 
spreading of the impacted missile mass on the blade surface In 
addition, it accommodates plate type mode shapes The analysis 
capability in this computer program represents a significant improve 
ment in the development of the methodology for evaluating 
potential fan blade materials and designs with regard to foreign 
object impact resistance (Author) 


A81 -30093 * 0 Effect of time-dependant flight loads on tur- 
bofan engine performance deterioration. 6. L. Lewis (Teledyne. Inc, 
Teledyne CAE, Toledo, Ohio). A. Jay (United Technologies Corp., 
Commercial Products Div., East Hartford, Conn.), and E. G. 
Stakolich (NA »>.. Lewis Research Center. Cleveland, Ohio). Amen 
can Society , : 'nechamcal Engineers. Gat Turbine Conference and 
Products Show, Houston, Tex . Mar 9-12. 1981. Paper 81 -GT-203. 6 
p. 8 refs. Members. $2.00. nonmeribers, $4.00. Contract No. 
NAS3-20632 

A i analytic evaluation of the dynamic effects of two flight load 
conditions of the JT80 7/74 1 propulsion system <i conducted. 
Predicted performance chjnges associated with a once-per flight 
vertical gust and a typical revenue service ending are ca culated. The 
predicted dynamic load effects on thrust ss-*cific fuel consumption 
are found to be negl.c ble. The results indicate that the quasi-steady 
state approach to flight lords modeling is adequate to investigate the 
factors important to the deterioration process L.S. 
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09 RESEARCH and support 
FACILITIES (AIR) 

Includes airports, hangars and runways, aircraft repair 
and overhaul facilities, wind tunnels shock tube facilities 
and angina test blocks 

For related information see also t4 Ground Support 
Systems and facilities ISpaeal 


A81 34158 * Description of the warm core turbine facility 

and the warm annular cascade facility recently installed at NASA 

Lewis Research Center. W. J. Whitney. R G Stabe. and T. P. Moffitt 
(NASA. Lewis Research Center, Cleveland. Ohio). Society of 
Automotive Engineers. Aerospace Congress and Exposition. Lot 
Angeles, Calif . Oct 13 16. 1980. Paper 801 122 9 p. 

The two new facilities have been installed and operated at their 
design or rated conditions. The important feature of both of these 
facilities is that the ratio of turbine inlet temperature to coolant 
temperature encountered in high temperature engines can be 
duplicated at moderate turbine inlet temperature Included in the 
discussion are the limits of the facilities with regard to maximum 
temperature, maximum pressure, maximum mass flow rate, turbine 
sue, and dynamometer torque-speed characteristics. (Author) 
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12 ASTRONAUTICS (GENERAL) 

For extiateiiestnal exploration see 91 Lunar and 
Planetary Ct plot at ion 


AS 1 20642 * « Requirements and prahimnary concept of a 
Zero Gravity Com butt ton Facility for Spacelab R L DeWitt 
(NASA. Lewis Research Center Cleveland. Ohio) American Institute 
of Aeronautics and Astronautics Aerospace Sciences Meeting, 19th 
St Loins Mo Jan 1215. 1981 Paper 81 0165 6 p. 17 reft 

This paper describes the preliminary concept, specifications. and 
requnrments ot a reusable Zero Gravity Combustion Facility tor use 
by experimenters aboard the Specelab payload of the Space 
Transportation System Orhiter The proposed facility allows a wide 
variety of combustion research experiments Irom rapid burning to 
long term smoldering. ,n a low gravity environment Included is the 
philosophy behind the design the basic facility concept itself, and a 
description ot the hardware required to implement the concept 

(Autho'l 


A81 46059 * Overview study of combustion experiments in 

a space laboratory T H Cochran (NASA Lewis Research Center 
Systems Concepts and Space Experiments Branch. Cleveland, OH) 
In Combustion experiments in a /ern gravity laboratory (A81 
460S7 27 12) New York. American Institute ol Aeronautics and 
Astronautics. 1981. p. 7 17. 

A program of induced gravity fluids research was initiated in the 
late 1960s The primary motivations foi this program was a need to 
characterize the behavior of propellants in a space environment In 
the conduction of experiments, use was made of drop lowers 
airccraft, and ballistic rockets. There remained a core ot problems 
which could not be solved with the aid of the employed approaches 
Proposals tor Spacvlab experiments were, therefore, submitted A 
committee came to the overall conclusion that there was a broad 
lange ot combustion experimentation that should be conducted in 
space Ar examination of the analytical models which exist tor 
numerous combustion phenomena reveals that these, are zeroG 
theories E ipenmentation in space will permit these theories to he 
tested and establish a firm basis upon which to huild an understand 
mg of more complicated combustion processes Realistic in space fire 
safety criteria are needed to eliminate the risk of maior fire hazards 
in space Such criteria can only lie obtained through longterm 
reduced gravity experimentation G R 


A81 46068 * Combustion experimentation aboard the space 

transportation system R L DeWitt (NASA, Lewis Research Center 
Space Propulsion Div., Cleveland. OHI In Combustion experiments 
in a zero gravity laboratory (A81 46057 22 12) New York. Amen 
can Institute of Aeronautics and Astronautics. 1981. p 746758 
A description is presented of the preliminary concept, specifica 
lions, and general requirements ot a proposed Combustion Facility 
(CF) for the Spacelab payload ot the Space Transportation System 
The CF will permit an experimenter to use suitably contained liquid, 
gas. or solid fuels He can specify and establish the composition and 
pressure level of the atmosphere in which the combustion will take 
place It will be possible to characterize the experiment with 
common types of instrumentation as well as selected specialized 
equipment, to study the combustion process visually by direct 
observation and try motion picture coverage and to obtain time 
histones of pertinent experimental parameters During an rxpen 
mental period, the CF will depend on Spacelab resources for power, 
heat refection, and vacuum Activating the CF and preparing it for 
the various experiments, performing the experiments, ar.l shutting 
down the facility will he largely manual operations performed by 
flight personnel G R 


15 LAUNCH VEHICLES AND SPACE 
VEHICLES 

Includes boosters manned orbital laboietO'ies reusable 
vehicles and space stations 


N81- 13079* | National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 

ELECTRIC PROPULSION CHARACTERISTICS. APPLICA- 
TIONS. AND STATUS 

Joseph E Maloy Carl R Dulgeroff (Hughes Research Labe, 
Malibu Calif I and Robert E Poeschel I Hughes Research Labs. 
Malibu Calif I 1981 14 r refs 

INASA TM 81630 E 6401 Avail NTIS HC A02/MF A01 CSCL 
20C 

A comparative review of the principles of ion thruete' end 
chemical rocket operations is presented The 30cm mercury ion 
thruster development and the specifications imposed on n by 
the Soiai Electric propulsion System program are discussed The 
30cm thruster operating isnge efficiency weai out lifetime, and 
mtarface requirements are described T M 


N81-12136*j|l Dayton Unnr Ohio 

APPLICATIONS TECHNOLOGY SATELLITE AND COM- 
MUNICATIONS TECHNOLOGY SATELLITE USER EXPERI- 
MENTS FOR 1SS7 1980 REFERENCE BOOK. VOLUME 1 
Final Raped 

Nicolas A Engler john F Nash, and Jenny D Strange Aug 
1980 263 p 4 Vol 

(Contracts NASS 21370 NAS3 19699. NAS3 20392) 

(NASA CR 165169 Vol 1 UDR TR 80 99 Vol 1 1 Avail NTIS 
HC A12/MF A01 CSCL 228 

A description of each of the satellites is given and a brial 
summary of each usar experiment is presented A Cross Index 
of User Experiments sorts J by various parameters and a listing 
ol keywords versus Experiment Number are presented Author 


N81 1213S*0 Dayton Umv Ohio 

APPLICATIONS TECHNOLOGY SATELLITE AND COM- 
MUNICATIONS TECHNOLOGY SATELLITE USER EXPERI 
MENTS FOR 1BS7-1BS0 REFERENCE BOOK. VOLUME 2 
Final Repod 

Nicholes A Engler John f Nash and Janny 0 Strange Aug 
1980 370 p refs 4 Vol 

(Contracts NAS3 21370. NAS3 19699 NAS3 20392) 

(NASA CR 165169 Vol 2 U0R- T R SO 100-Vol 2) Avail NTIS 
HC A16/MF A01 CSCL 228 

The experiments ere grouped by type of service offered, for 
example education tv xlth servicee and data transmission A 
bibliography of reports try accession number and by author are 
alto presented A listing of keywords versus report number is 
presented Author 


N81-12137*4 Dayton Unnr Thio 

APPLICATIONS TECHNOLOGY SATELLITE AND COM- 
MUNICATIONS TECHNOLOGY SATELLITE USER EXPERI- 
MENTS FOR 19S7-1980 REFERENCE BOOK. VOLUME 3 
USER FORM SURVEYS Final Raped 

Nicholas A Engler. John F Nash and Jenny D Strange Aug 
1980 340 p refs 4 Vol 

(Contracts NAS3 21370 NA S3 19699 NAS3 302921 
INASA CR 186169 Vol 3 UDR TR 80 101 Vol 3) Avail NTIS 
HC A1S/MF A01 CSCL 228 

Questionnaires received from the satellite users are pra 
sented Questionnaires were sent to users in 1976 1977 and 
1 979 The forms reflect user viewpoints of the systems Author 


N81-1213S*! Columbia Unnr New York Dept of Electrical 
Engineering 

NEXT GENERATION COMMUNICATIONS SATELLITES 


MULTIPLE ACCESS AND NETWORK STUDIES Final 
Raped 

T E Stem. M Schwam H E Meadows. H K Ahmei J G 
Gadre. I S Gopal and K Matsmo Jut 1980 174 p refs 
(Contract NAS6-25769) 

INASA CR 166146. FR 1) Avail NTIS HC A08/MF A01 CSCL 
228 

Following an overview of issues involved m the choice of 
promising system architectures for efficient communication with 
multiple small inexpensive Earth stations serving hetergeneous 
user populations, performance evaluation via analysis and 
simulation for six SS/TDMA I satellite-switched' time division 
multiple access) system architectures is dacussed These 
configurations are chosen to exemplify the essential alternatives 
available in system design Although the pei.'ormance evaluatior 
analyses are of fairly general applicability whenever possibnr 
they are considered in the context of NASA e 30/20 GHt 
studies Peckat switched systems are considered, with the 
assumption that only a part of transponder c spec it a devoted 
to peckets. the integration of circuit and packet switched traffic 
being reserved for further study Three types of station access 
are distinguished fixed (FA), demand (DA), and random access 
(RA) Similarly switching in the satellite can be assigned on a 
fixed (FS) or demand IDS! bas<'. or replaced by a buffered 
store-and-forward system (SF) onboard the satellite Since not 
all access/ switching combinations art practical, six systems are 
analyted in detail thiee FS SYSTEMS. FA/FS. DA/ES. RA/FS 
one OS system DA/DS. and two SF systems. FA/SF. DA/SF 
Results arc presented primarily in terms of delay-throughput 
characteristics J MS 


NB1-21108*! Vought Corp Dallas Tex 

STUDY OF THERMAL MANAGEMENT FOR SPACE 

PLATFORM APPLICATIONS 

John A Oran Dec 1980 1B4 p ref* Prepared In cooperation 
with Hughes Aircraft Co Loe Angelas TRW Systems Redondo 
Beech Calif . Hamilton Standard Hartford Conn Oenerai 
Dynamics/ Astronautics. San Olego Calif and Lockheed Miaailet 
and Space Co Sunnyvale Calif 
(Contract NAS3-22270) 

(NASA-CR- 16623S Rept-2-S3020/0R-l2B7S> Avail NTIS 
HC A09/MF A01 CSCL 22B 

Techniques for the management of the thermel energy of 
large spaoe platforms using many hundreds of kilowatts over a 
10 year life span were evaluated Concepts for heat rsiaction 
heat transport within the vehicle, and interfacing were analyied 
and compared The heat refaction systems were parametrically 
weight optimised over conditions for heat pipe and pumped fluid 
approaches Two approaches to achieve reliability were compared 
for performance, weight volume, protected area, reliability, coat, 
and operational characteristics Technology needs are aaaesaed 
and technology advancement recommendations are made E A K 


NB1 27169*4 Systems Science end Software La Jolla Calif 
ANALYSIS OF THE CHARGING OF THE SCATHA (P7S-2) 
SATELLITE Final Report. Mar 1979 Oct 1980 

P R Stannard I Katz M J Mandell. J J Cassidy D E 
Parks M Rotenberg and P G Steen Dec 1980 249 p reft 
Sponsored in cooperation with AFGL 
l Contract NAS3 217621 

(NASA CR 166348 SSS R 81 47981 Avail NTIS 

HC A1 1/MF A0 1 CSCL 228 

The charging of a large ob|«ct in polar Earth orbit was 
investigated in order to obtain a preliminary indication of the 
response of the shuttle orbiter to such an environment Two 
NASCAP INASA Charging Analyrer Program) models of SCATHA 
(Satellite Charg <g at High Altitudes) were used m simulations 
of charging events The properties of the satellite s constituent 
materials were compiled and representations of the experimentally 
observed plasma spectra were constructed Actual charging events 
as well as those using test environments were simulated 
Numerical models fo' the simulation of panicle emitters and 
detectors were used to analyse the operation of these devices 
onboard SCATHA The effect of highly charged surface regions 
on the charging conductivity wrthm a photosheath was used to 
■nterpiel results from the onboard electric field expenment 
Shadowing calculations weie earned out foi the satellite and a 
table of effective illuminated a'eas was compiled J 0 H 
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16 SPACE TRANSPORTATION 

lndud«> piiMngei end cargo space transportation e g 
shuttle operations and 'eacue tnchmques 

Fot 'elated information tie alio 03 Air Transportation 
and Safety and 85 Urban Technology and Transportation 


All-19936 * * Modelling of environmentally induced dis- 
charge! In geoeynchronoui satellites N J Stevem (NASA. Lewis 
Research Center, Cleveland. Ohio) HEBE. US Defense Nuclear 
Agency. Jet Propulsion Laboratory, and DOE. Annual Conference on 
Nuclear and Space Radiation Effects. 1 7th. Ithaca. N Y . July 15 18. 
19801 IEEE Transactions on Nuclear Science, vol. NS 27. Dec 
1980. p 1792 1796 29 reh 

The NASCAP computer code it used to compute the charging 
and discharging character istics of e typical communications satellite 
in geosynchronous orbit For the case of a severe subttorm. satellite 
surface differential charging in sunlight is found to be substantially 
lea than that required to produce discharges m ground simulation 
studies. A discharge process is postulated involving discharges 
triggered at edges (or imperfection) followed by discharges to space 
The charactari.tics of such discharges are parametrically varied to 
evaluate the possible effects on the satellite It has been found that 
discharge characteristics interred from satellite monitors could be 
caused by predicted space discharges, that single cell discharges to 
space can reduce surface potential over entire satellite, and that 
low-density electron traiectory computations indicate that discharge 
generated electrons may not return to the satellite by Icng 
tratectones Current transients predicted do not agree with the 
available ground simulation results indicating that additional work 
mutt be done both analytically and experimentally to understand 
and fully explain these discrepancies (Author I 
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17 SPACECRAFT 

COMMUNICATIONS. COMMAND 
AND TRACKING 

include! telemetry spec* communication! network! 
aatronavigation and >adio blackout 

I- o* iclated mloimation see alio 04 Aircraft Conimunic « 
nans »nr) ^tvigehor end li Communiceliont 


Nil 10172*1 National Ae'onautiC! and Space Admimattanon 
Lewi! Reaearch Center Cleveland Ohio 

THE 10 20 OHa EXPERIMENTAL COMMUNICATIONS 
SATELLITE SYSTEM 

Joaeph N Sivo 19S1 10 p efi Piopoeed lo> presentation 

at 1981 Nad Telecommun Coni New O'leani 29 Nov 3 Dec 
1981 lponaoied by IEEE 

(NASA TM 82683 I 966' Avail NTIS HC A02/MF A01 CSCl 
22A 

NASA i! continuing to punue an agieaaiva aatellito com 
municetionj technology development program locuied on the 
30/20 GMc frequency band A review of the program progreei 
to date ii preiented Included i! a due umon of the technology 
program itatui a! well ai a deacnption of the eipenmental 
ayitem concept under itudy Eipected ayitem performance 
charactenatic! together with ipacecraft and payload configuration 
detail! including weight and power budget i! preiented Overall 
program ichedulei of both the technology development and the 
flight ayitem development are included Author 


1 8 SPACECRAFT DESIGN. TESTING 
AND PERFORMANCE 

Include* spacecraft thermal and environmental control 
and attitude control 

For lila support systems sea 54 Man/ System Technology 
and l ile Support For related info, matron see also 05 
Aircraft Datign Tatting and Performance and JS Structural 
Mechanic J 


Nil 321S7*| National Aeronautics an .1 Space Administration 
l trwis Research Center Oeveland Ohio 

REVIEW OE BIASED SOLAR ARRAAV PLASMA INTERAC 
TION STUDIES 

N John Stevens 1 98 1 17 p refs Presented at Fifteenth 

Intern Flee Propulsion Coni Las Vegas Nev 21 23 Api 1981 
sponsored by AIAA Japan Society for Aeronautical and Space 
Sciences and DGLR 

.NASA TM 82693 f 9731 Avail NNS HC A02 Ml A01 CSCL 
21C 

The Solar Electric Propulsion System ISEPSI is proposed 
fo> a variety ol space missions Pown lor operating SEPS « 
Obtained from large solar array wings capable ol gnneiatmy lent 
of kilowatts of power To minimi /e resistive losses m tlw sole 
array bus lines the anay is designed to operate at voltage', up 
to 400 volts This use Of high voltage can increase interaction 
between the biased sofa> cell interconnects and plasma environ 
ments With thiuSters Operating the system giuund n> inemu.ne i 
el space plasma potential which exposes laige areas ol tie 
arrays ai the operating voltages This can mciease interactions 
V Ilh bulb the natuial and enhanced Charged particle environments 
Availnlile data on rnteractions between biased solar array surfaces 
end plasma environments ate summarized The apparent 
• lationship between collection phenomena and solar cell size 
and effects of array size on interactions are discussed The impact 
ol these interactions on SEPS performance is presented TM 


AST -20400 * e Engineering management and innovation R 
W Graham (NASA. Lewis Research Center. Cleveland. Ohio) 
Mechanical Engineering vol 102 Oct 1980. p 26 28 

Although improved management methods can enhance the 
performance of tome enterprises, they can lower that of rate etch 
organizations The prevalent use o< cost-effectiveness criteria a> a 
management tool overvalues identifiable short term accomplishment 
at the espense of long term research efforts. whK*i often serve as the 
antecedents upon which a new. seemingly unrelated technology it 
later founded Medical instruments used in the treatment of 
emphysema, tor example evolved from NASA -sponsored research 
devoted to the measurement of the compositin' of the atmospheret 
o< the planets The best manager is the manager vtfto creates an 
environment that enables his rets arch engineers to pursue ideas with 
a minimum of interference Such an environment consists of broad 
research obfectives. adequate facilities, and proper technical support 
Within a framework of prudent pending, the manager's a.m is to 
cultivate innovation R.S 
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19 SPACECRAFT 

INSTRUMENT '.TION 

Fo< related information see alto 06 Aircraft Instrument.' 
non and 35 Inttiumenta'-i- ind Photograph* 


NII IIHI'i National Aeronautics and Space Admmiatiation 
lawn Research Cantor Ctavaland Ohio 

AN AUY0MAT10 PROCEDURE EON DEVELOPING HYBRID 
COMPUTER SIMULATIONS OS TURROFAN ENGINES 

John R Sluch and Suaan M Kroaal 1980 IB p rafa Propoaad 
lor praaontation at tha 14th Ann Simulation Symp Tampa 
Fla 18 20 Mar 1981 

(NASA TM 81605 I 5981 Avail NTIS HC A02/MF A01 CSCl 

00 B 

A systematic. computer aided tall documenting methodology 
lor developing hybrid computer aimulatione ol turbofan angrnaa 
ia praaantad Tha mathodofogy makes uaa ol a hoot program 
that can run on a large digital computer and a machine ■ dependant 
target (hybrid) program Tha host program performs all ol tha 
calculations and data manipulation* needed to transform 
uaer supplied angina daaign information to a form auitabla for 
the hybrid computer Tha hoat program alto tnma tha aelf 
contained angina modal to match tpecrtied daaign point 
information A teat caaa II deacnoed and companion* between 
hybrid nmulatioii and ipacif-ad angina performance data are 
prese-ud S F 


MS1161 19*# National Aaronautica and Space Administration 

Law* R anarch Canter Oavaland Ohio 

SPACECRAFT TRANSMITTER RELIABILITY 

1B80 IS p raN Synopaa of Worfcahop hold m Oeveiand 

26 26 Sap 1879. aponaorad by NASA and Ah Force 

(f.ASA-CF 2169. I 662) Avail NTIS HC A06/MF A01 CSCL 

17S 

A workshop on apacacreft tranamitt*' rakabdity wa* held at 
tha NASA Lew* Ran arch Canter on Saptambar 26 and 26. 
1879. to dacuaa p raaant know ) edge and to plan future raaaarch 
area* Smca formal papera war* not aubmrttad. tfua tynopai* 
wa* derived from audio tape* of tha work* hop Tha following 
aubfact* wore covered uaer* experience with apace tranamitter*. 
cathode* p ower tupplte* and interface* and specification* and 
quebty aaauranca A penal discussion ended tha workshop T M 


NG1171J7*# National Aaronaubca ano Space Adimraa ra»3n 
Lewi* Raaaarch Canter O ava l and Ohio 

ENVIRONMENTAL CHARGING EFFECTS ISONfTORS FOR 
OPERATIONAL SATELLITES 

John C Sturmen 1SS1 11 p raN fiopoaad for p raaonta t ion 
at tha 19S1 Aaroapaca ind /Teat Maaa Symp Sponsored by 
the Inatr Soc of Am . IndtanapoM. 26-10 Apr 1SS1 
(NASA TM 81669 C -9911 Avail NTIS HC A02/MF A01 
CSCL 22B 

A eat of throe mat ru manta waa developed that can provide 
aady detection of potentially dangerous geomagnetic aubatorm 
condition* and monitor tha apacacreft reaponoo Tha aat conawta 
of thraa instruments A Surface Voltage Sensor that measures 
tha charactarwtK energy of collected electron* or ion* from 

* 100 to 20.000 voMb. a logarithm*- currant d natty sensor or 
Nanoammater that measures local ele c tron flue by measuring 
currents from 10 to tha mum* 9th power to 10 to the mama 
5th p ower A and a Tr a ns ant Events Counter that counts tha 
apunous pulse* from elect reetenc dis c harges that are co upled 
into the spacecraft wrong ha maaa An amplitude threshold can 
be set to count only puNaa that are large enough so cauee 
circuit malfunction Performance charactaratic* specification* and 
application of these instrument* are dac>aaad Sue weight and 
power requirement* wore meumusd The Surface Voltage Sanaur 
and Nanoammater sro pa ck aged together m a boa that a 
10 1 by 1 1 3 by 9 6 cm and weighs 0 82 kg Tha tranaant 
Events Counter measure* 10 1 by 1 1 3 by 5 4 cm and w eighs 
0 66 kg 6oth operate from a nometef 26 V dc input and raguia 

• total of 2/4 wan lor both Although daaignad tor Right uao 

these inetrument* are also suit able for laboratory uaa T M 


N81-SG1 7S*| National Aeignouiae and Spoea Admlnla t rattan 

DIACNOmC SYSTEM DESIGN PCS TMS ION AUXILIARY 
PROPULSION SYSTEM (I APS) FLIGHT TESTS OF TWO 
S or. MERCURY ION 

E S Murat and 0 . 1 Thomas I H u ghe s AirerpR Ce uaa Angelas) 
1SS1 . 22 p Praaantad at the IBth Intern Elec Propultitn 
Conf Laa Vegas. Nav . 21-21 Apr 1881. aponaorad by A’AA. 
Japan Society lor Aeronautical and Space Sciancaa and DGLR 
INASA-TM-S1702. 1-727) Avan NTIS HC A03/MF A01 CSCL 

21C ^ 

Tha mechanical, thermal, electrical daaign and tha ground 
toot rooulta of lour typos of dato ct ora era eagle m ad The OSS M 
daaignad to measure tha thruster ofRua material dap asm an and 

C/r nfdanlial -*-» to ** *- 1 — » akm laaawlh. —A — 

3/ v (wiwmp » pnityi to inG NiLrti pxoornw in ino vicinn) l/t two 
S cm mercury ion thrust era The DSS ooneiota of two quern 
crystal mmotnim t (QCM) dittciofi. one potential probe, nlna 
tolar call arrays, tavan ion coNoctort and two tla c trom c 
packaQOt T M 


AS 1 28057 * tt Environmental charging affautt monitor! for 
cparstruial taldlites J. C Sturmen INASA, Lewi* 'fewer ch Center. 
Cleveland. CH) Instrument Society ol America, International 
Aerospace Instrumentation Symposium, Indianapolis, IN, Apr 
26 X. 1981. Pm*r Bp 11 refs 

A »*t of three instruments ha* teen developed thet can provide 
early detection of potentially dangerous geomagnetic substorm 
conditions, .aid monitor the spacecraft response The wt consists of 
three instruments (II a 'surface voltage sensor’ that measures the 
characteristic energy of collected electrons or ions from *100 lo 
20,000 volts. (?) a nenoem meter' or logarithmic current density 
sensot thet measures local electron ttux by measuring currents from 
10 to the 9th to 10 *o the 5lh A end (31 a 'transient events 
counter’ thet counts the spurious pulses from electrostatic discharges 
that are coupled into the spacecraft wiring harness Performance 
characteristics, specifications and apphc.it ton o' these instruments 
ere discussed (Author) 


AS1 -42207 * * Shuttle compatible cryogenic (.quid I’.oreg* 
instrumantetion/data needs W L Allen (Thiokof Corp . Wasatch 
Jtv . Bnghem City. UT) At A A SAC. and ASUt. Joint Propulsion 
Coherence. I/th. Colorado Springs, CO. July 2/ 29 1981. AIAA 
Paper 81 1550 10 p 12 rets 

Resu'ts of an assessment of a designer's date needs lor solid 
rocket motor instrumentation is described, along with the sate ol 
the-art and specialized instrumentation used to d »•* It is determined 
that solid rocktt motor data obtained during state testing does not 
always agree with (light last data, and more quantitative data is 
feces very tor motor design The must proena.ng new flight test 
instrumentation, data techniques for future flight programs are 
presented microwave horns, ''resomes. thermovision, m situ 
tranwneors. isotopes, and peracl ■, recovery of flight hardware It .i 
noted that a development effort (minimum on* to two years) and 
adequate funding will be required to f-.tv* these concepts available 
for the design of future solid rocket motors J F 
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20 SPACECRAFT PROPULSION AND 
POWER 

Include* mam propulsion systems and components a g 
rocket anginas and spacecraft ausiliary power sources 
For related information see also 07 Aircraft Propulsion 
26 Propallants and Fuats, and 44 Fnargy Production and 
Conversion 


N91 19219*# Nrt'onal Aeronautics and Specs Administration 
Lewie Raeee uh Center. Cleveland Ohio 
PERFORMANCE OF A MAGNETIC MULTI POLE UNE-CU8P 
ARGON ION *HRU8TER 

James S Sovey 1981 12 p refs Propo s ed for presentation 

at the 15th intern Flee Propulsion Coot Las Vegas. Nev . 
21-23 Apr 1981. cosponsored by the AIAA. the Japan Co c 
for Aeronautical and Space Fraace*. and Deutsche Geaaafcchaft 
Fuer Luft und Raumfa . 

(NASA TM-8 1703 F 2' Avail NDS HC A02/MF A01 CSCL 
21C 

A 17 cm die mao' lev c -o ion thruster was evaluated 
with inert geaes which are candidate propellents for on orbit 
and orbit transfer propul* on functions lor Large Specs Systems 
A ssmismpincsl relationship was generated to predict thruster 
beam current m terms of plasma parameters which would allow 
initial thruster optimisation without ion extraction and the 
associated largo vacuum facilities The sensitivity of performance 
to changes in discharge ele ct rode configurations and magnetic 
circuit was evaluated end is presented After final optimization 
a propellant utilization efficiency of 0 9 at a discharge chamber 
power expenditure of about 200 w per beam ampere was 
obtained These performance parameters are the highest yet 
achieved with argon propellant Author 


IN' 18220*| National Aeronautics and Space Administration 
Lewis Research Cen.er Cleveland. Ohio 

PERFORMANCE CAPABILITIES OF THE 8-CM MERCURY 
ION THRUSTER 

M A. Merit enielrs 1981 13 p refs Proposed for Presentation 

at the 16th Intern Elec Propulsion Conf . Lea Vegas. Nav . 
21-23 Apr 1981. cosponsored by the AIAA. the Japan Soc 
for Acmnautical and Space Sciences, and Deutsche G e aael s cheft 
Fuer Luft- und Raumfahrt 

(NASA -TM-8 1720. E-755) Avail NTIS HC A02/MF A01 CSCL 
21C 

A preliminary characterization of the performance capabilities 
of the B-cm thruster in order to initiate an evaluation of its 
application to LSS propulsion requirements is presented With 
minor tnruster modifications, the thrust was mersa s ad by about 
a factor of four while the discharge voltage was reduced from 
39 to 22 volts The thruster was operated over a range of 
spe ci fi c impulse of 1950 to 3040 seconds and a maximum 
total efficiency of about 54 percent was attuned Prelimm* y 
analysis of component Irfetimea as determined by temperature 
and spectroscopic leie intensity measurements, ndicated 
acceptable thruster lifetimes are anticipated at the high power 
levs! operation T M 


N81-19221*# National Aeronautics and Space Administration 

Lewis Raaeerch Center. Cleveland Ohio 

ION BEAM DEPOSITED PROTECTIVE FILMS 

Michael J Munch 1981 18 p refs P r oposed for presentation 

at the 1 6th Intern Elec Propulsion Conf . Las Vegas. Nav . 

21-23 Apr 1981. sponsored by the AIAA. the Japan Society 

for Aeronautical and Space Sciences, end Deutsche Geaes Ischaft 

Fuel Luft- und Reumfshrt 

(NASA TM 81722. E-7S9) Avail NTIS HC A02/MF A01 CSCL 
21C 

Single or dual ion beam eourcaa were used to deposit tlnn 
films for different applications Metal and metal oxide film* wire 
evaluated as protective costings for the materials Film adherence 
was measured and the moat promising films were then teeted 
under environments similar to operating conditions It waa shown 


that soma ma tenets do protect dw material (H-13 steeil and do 
reduce thermal fatigue DiemondHke films hove many ueeful 
applications A series of expen manta were conducted to define 
and optimize new approaches to the manufacture of such films 
A dual beam system using argon and methane gases waa 
developed to generate thjee films TM 


N8f -1B222*f National Aeronautics and Space Adminietrstion 
Lewis Resear ch Center. C l eveland. Ohio 
BERT II 1BS0 EXTENDED FUQHT THRUSTER EXPERI- 
MENTS 

W R Ksrslake and L R Ignaczak 1881 27 p refs Presented 
at 15th Intern Elec Propulsion Conf . Lea Vegas. Nevada. 
21-23 Apr 1881. sponsored by Japan Society tor Aeronautical 
and Sotcc Scmocm And PGLR 

(NASA- TM-8 1085. E-8961 Avail NTIS HC A03/MF A01 CSCL 
21C 

The flight results obtained from mid ’979 through December 
1980 are presented Near continuous solar power in 1879 and 
1980 has enabled long periods of thruster endurance testing 
Three of four propellant tanks were exhausted with no signifi ca nt 
change m thruster system operation before bei n g empty A new 
plasma mode thruat was characterised and direct thruat 
mea s urements obtained Other tests, including beam neutralization 
by venous neutralizer eourcaa. give insight to electron conduction 
across piss mss in apace and provide a basis to model neutraliza- 
tion of thruster array* E D K 


N81-20173*# National Aeronautics end Space Administration 
Lewis Research Center. Cleveland Ohio 
ANALYSIS OF COSTS OF GALLIUM ARSENIDE AND 
SILICON SOLAR ARRAYS FOR SPACE POWER APPLICA- 
TIONS 

Kent S Jefferies Mar 1881 18 p refs 

(NASA-TP-181 1: E 530) Aved NTIS HC A02/MF A01 CSCL 

IDA 

A pararr.etnc analysis was performed to compare the costs 
of silicon and gallium arsenide arrays for Earth orbital mission* 
The missions included electric power in low Earth orbit (LEO), 
electric power in geoeynchronous Earth orbit (GEO), and rdwer 
for elect nc propulsion of a LEO to GEO orbit transfer mission 
Inputs to tha analysis for all mission s included launch and 
purchase costs of the array For the orbit transfer mission, the 
launch and purchase coats of tha sleet nc propulsion system were 
added Radiation flux as a function of altitude and radiation 
tolerance as a function of cell type were used to determine 
power degradation for each mission. Curves were generated that 
show the sensitivity of launch-array cost and total mi s sion cos: 
to a variety of input parameters for each mission Those parameters 
included mission duration, cover glass thickness, array specific 
cost, array specific mast, and solar cell efficiency Solar 
concentration was considered end the aeneitrvrtiea of coat to 
concentration ratio. (m:~ent rotor costs, and concentrator mass 
were also evaluated Results indicate that solar cell development 
should give a high priority to reducing array coats and that tha 
development of low coat, lightweigh t , solar concentrators should 
bo pursued Author 


NB1-2017S*# National Aeronautics and Specs Administration 
Lewis Research Center. Cleveland Ohio 
ROME EFFECTS OF THERMAL-CYCLE-INDUCED DEFOR- 
MATION IN ROCKET THRUST CHAMBERS 
Nod P Hannum and Raymond G Price. Jr Apr 188! 24 p 

ref* 

(NASA-TP-1B34 E-563) Avail NTIS HC A02/MF A01 CSCL 
21H 

The deformation process observed m the hot gas aide wall 
of rocket combustion chamber* was invest igeged for three different 
liner materials Five thrust chambers were cycled to failure by 
using hydrogen and oxygen as propellants at a chamber pressure 
of 4 14 MN/cu m The deforms: on was observed nondeetruc- 
trvefy at midlife point! and destructively after failure occurred 
Tha cyclic life results are presented with an accompanying 
dwcuasion about tha problems of life prediction associated with 


38 


th* typM of failure* encountered in the preeent work Data 
indicating the da formation of th* throat chamber liner a* cycle* 
aia accumulated are praaantad for aacn of the teat thruat 
chamber* From thaaa deformation data and observation of th* 
failura aitaa it m avidant that modeling th* failure process a* 
classic low cycle thermal fatigue i* inadequate as a life prediction 
method R.C T. 


Ntl -10177*1 National Aeronautic* and Space Administration 
Law i* Research Canter Cleveland Ohio 
SIMPLIFIED ROW* ft SUPPLIES FOR ION TNRUSTIRO 
Robert P Gruber 1M1 24 p refs Presented at the 16th 
Intern Elac Propulsion Conf. La* Vega*. Nev . 21-23 Apr 
1M1 

(NASA-TM-B1726. E-7661 Avail NTIS HC A02/MF A01 CSCL 
21C 

The initial deveiopmant and demonstration of power supplies 
with an order of magnitude reduction in parts count, leading to 
increased reliability at lower weight, while still maintaining thrust 
system performance are discussed Two new satf-raguletmg keeper 
power supply circuits were developed and tasted One supply 
composes 14 parts and uses an input voltage rang* of 16 to 
36 volts, th* other operate* from 200 to 400 volts >nd require* 
22 components A technique for controlling heater power « also 
demonstrated TM 


N8 1-201 78*# National Aeronautics and Space Administration 
Lawte Research Center. Cleve la nd Ohio 
RKC8NT WORK ON AN RP ION THRUSTER 

Richard Q Lae and Shigeo Nakamshi 1981 12 p reft Presented 

at the 16th Intern Elec Propulsion Conf . Las Vegas Nev . 

21-23 Apr 1981; sponsored by AIAA. Japan Society for 

Aeronautical and Space Sciences and OGLR 

(NASA TM-81 734 E-802) Avail NTIS HC A02/MF A01 CSCL 

21C 

An expenmentsl investigation ut an rf ion thruster using an 
immersed coupler in an argon discharge is reported The conical 
cod. used to couple if power into the discharge it placed inside 
the discharge vessel The discharge was self-sustained by 
100-150 MHz rf power at low environmental pressures Th* 
ion extraction was accomplished by conventional accelerated grid 
optics from an unoptimusd 8 cm diameter ion thruster T M 


N81 -201 78*| National Aeronautics and Space Administration 
Lewis Rese arch Center. Cleveland. Ohio 
EXTENDED OPERATING RANGE OF THE SOcnt ION 
THRUSTER WITH SIMPLIFIED POWER PROCESSOR 
REQUIREMENTS 

V K Rawtm 1981 15 p refs Presented at the 15th 

1981 coapc -i sored by th* AIAA Japan Soc for Aaron and Space 
So and DGLR 

and Space Sci and Deut Gas fur Luft- und Raumfahrt 
(NASA TM 81729 E 772) Avail NTIS HC A02/MF A01 CSCL 
21C 

A two gnd 30 cm diameter mercury ion thruster was operated 
with only six power supplies over the baseline J series thruster 
power throttle rang* with negligible impact on thruster perfor- 
mance An analysis of the functional model power processor 
showed that th* component mass and parts count could be 
reduced considerably and th* electrical efficiency increased slightly 
by only replacing power supplies with relays The input power 
output thrust and specific impulse of th* thruster were then 
extended still using six supplier from 2680 watts. 0 13 newtons 
and 2980 seconds to 9130 watts. 0 37 newtons, and 
3820 second*, respectively Increase* in thrust and power density 
enable reductions in the number of thrusters and power 
processor* required for most missions Preliminary assessments 
of th* impact of thruster operation at increased thrust and power 
density on th* discharge characteristics pe.tormance. and lifetime 
of th* thruster were also made I D K 


NS1 -20190*1 National Aeronautics and Space Administration 
Lewi* Research Cant-.,. Cleveland. Ohio 
FREE RADICAL PROPULSION CONCEPT 
C E Hawkins and S Nakamshi 1981 25 p refs Presented 
at 16th Intern Elec Propulsion Conf. Las Vegas. Nevada. 
21-23 Apr 1981; sponsored by AIAA. Japan Society for 
Aeronautical and Space Sciences and OGLR 
INASA-TM-81770. E-813) Avail NTIS HC A02/MF A01 CSCL 
21C 

A free radical propulsion concept utilizing th* recombination 
energy of dissociated low molecular weight gases to produce 
thrust was examined Th* concept offered promise of a propulsion 
system operating at a theoretical impulse, with hydrogen, as 
high as 2200 seconds at high thrust to power ratio, thus filling 
th* gas existing between chemical and elecirostatic propulsion 
capabilities Microwave energy used to dissociate e continuously 
flowing pee was transferred to th* propellant via three body 
recombination for conversion to propellant kinetic energy Power 
abeorption by th* microwave plasma discharge was m excess 
of 90 percent over a broad rang* of pressures Gas temperatures 
inferred from gas dynamic equations showed much higher 
temperatures from microwave heating than from eieC-olhermal 
heating Spectroscopic analysis appeared to corroborate th* 
inferred temperatures of on* of the gases tested R C >' 


N81-21121*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

CHARACTERISTICS OF 30-CENTIMETER MERCURY ION 
THRUSTERS 

Joseph E Msloy Robert L ruuschel (Hughe* Research Lab 
Malibu. Calif), and Carl R Cugeroff (Hughes Research Lab. 
Malibu. Calif ) 1981 24 p refs Presented at 16th Intern 

Elec Propulsion Conf. Las Vegas. Nevada. 21-23 Apr 1981; 
sponsored by AIAA. Japan Society for Aeronautical and Space 
Sciences and DGLR 

INASA-TM-81706. E 7351 Avail NTIS HC A02/MF A01 CSCL 
21C 

Th* technology develop, nent of th* 30 centimeter J senes 
mercury ion thruster for pnme propulsion application in tolar 
electric propulsion systems is described Thruster det*gn is 
reviewed A standardized set of test and data recording procedures 
formulated to allow for th* characterization of th* J senes thruster 
is described Characteristics measured are th* magnetic baffle 
characterization, th* neutralizer characterization, pervssnce the 
minimum eV/ion measurement, and th* electrical and propellant 
utilization efficiency measurements Test results are presented 

JD H 


N81 -22094*1 National Aeronautics and Space Administration 
Lewis Research Center. Cl eveland. Ohio 

PARTICLE AND FIELD MEASUREMENTS ON TWO J SER- 
IES 20 CENTIMETER THRUSTERS 

Walter C Lathe m 1981 27 p rets Presented at the 16th 

Intern Elec Propulaion Conf . Las Vegas. Nev . 21-23 Apr 1981; 
sponsored by AIAA. Japan Society for Aeronautical and Spec* 
jcuncw and DGLR 

(NASA-TM-81741; E-794) Avail NTIS HC A03/MF A01 CSCL 
21H 

Tests wore performed to characterize th* particles end fields 
associated with two 30 cm mercury ion thrusters operating 
independently and armultaneousfy Flux rate* and snergie* of 
tone and their di str ibu ti on around th* thrusters were determined 
Faciity effect ion* were measured and their affect on thruster 
created flux measurement* was assessed Th* flux rat* and 
distribution of sputtered metal atoms waa determined and 
compared with theory and previous measu rements Mapping of 
th* potential h el ci * m th* near vicinity of th* thruster* we* 
accomplished Author 
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N81-2S173*f National Aeronautics ana Space Administration 
Lewis Raaaarch .banter Cleveland Ohio 

DETERMINATION OF OPTIMUM SUNLIGHT CONCENTRA 
TION LEVEL IN MACE FOR GALLIUM ARSENIDE SOLAR 
CELLS 

Henry B Curtis 1981 Bp refs Presented at the 16th 
Photovoltaic Spec Coni Kissimmee Fla 12-16 May 1981 
sponsored by the Inst of Electrical and Electronics Engineers 
(NASA TM 82643 E -898) Avail NTIS HC A02/MF A01 CSCL 
10A 

The solar cell diode equation was used to calculate the 
optimum values, or range of values of concentration ratios A 
variety of temperature vs concentration assumptions were used 
and call area and sanes resistance were varied The coefficients 
of the diffusion and recombination farms vary strongly with 
temperature while the light generated current is a weak function 
of temperature and proportional to concentration The study 
indicates that the call temperature vs concentration ratio 
assumption is critical It appears that concentration levels of 
approximately 100X are feasible m space TM 


N81 -281 74*| National Aeronautics and Space Administration 
Lewis P.ssearch Canter. Cleveland Ohio 

BERT 2 THRUSTERS: STILL TICKING AFTER ELEVEN 

YEARS 

W R Kerslake 1981 23 p refs Presented at the 17th Joint 
Propulsion Conf Colorado Spnngs. Colo. 27-29 Jul 1981 
sponsored by AIAA. SAE and ASME 

(NASA-TM-81 774. E-8351 Avail NTIS HC A02/MF A01 CSCL 2 1C 
The pe'formence and durability of the ion thruster system 
and components are discussed Interactions between the ion 
thiuster and the space plasma-spacecraft interfaces were 
s xemtned The application of the results of testing the thruster 
to designing future ion thrusters is emphasized T M 


N81-301B2*i|f National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
A CASE HISTORY OF TECHNOLOGY TRANSFER 
Aug 1981 28 p refs 

(NASA TM 82618 E-870) Avail NTIS HC A03/MF A01 CSCL 
21H 

A sequence of events occurring over the last 25 years are 
described that chronicle the evolution of ion-bombardment electric 
propulsion technology Emphasis is placed on the latter pheses 
of this evolution where special efforts were made to pave the 
way toward the use of this technology in operational space 
flight systems These efforts consisted of a planned program to 
focus the technology toward its end applications and an organized 
process that was followed to transfer the technology from the 
research-technology NASA Canter to the user -development NASA 
Canter and its industry team Maior milestones in this evolution 
which are described include the development of thruster 
technology across a large size range the successful completion 
of two space electric rocket tests SERT I and SERT II development 
of power processing technology for electric propulsion completion 
of a program to make the technology ready for flight system 
development and finally the technology transfer events Author 


N81 -3 1282*41 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

DEVELOPMENT AND DESIGN OF THREE MONITORING 
INSTRUMENTS FOR MACECRAFT CHARGING 

John C Sturman Sep 1981 28 p refs 

I NASA TP 1800 E 803) Avail NTIS HC A03/MF A01 CSCL 

22B 

A set of instruments which provide early detection of 
potentially dangerous geomagnetic substorm conditions and 
monitor the spacecraft response are discussed The set consists 
of a sensor that measures the cherac’eustic energy of collected 
electrons ot ions from + 100 to 20 000 V a logarithmic 

cuirent density sensoi that measure) local electron flux and a 
transient events counter that counts the spurious pulses from 
electrostatic discharges that coup's into the spacecraft wiring 


harness Design details and performance characteristics of the 
three instruments are given Sue weight and power requirements 
are minimized E A.K 


A8127207 * « Radiation damage annealing mechanism! end 
possible low temperature annealing in silicon solar cells. I Weinberg 
and C. K. Swaitz (NASA. Lewis Research Centei, Cleveland. Ohm). 
In. Photovoltaic Specialists Conference. 14th. San Diego Calif.. 
January 7-10, 1980, Conference Record. (A81-27076 1 1-44) New 
York, Institute of Electrical and Electronics Engineers. Inc.. 1980. p 
858 862 9 refs. 

Deep level transient spectroscopy and the Shock 'ey-Read- Hall 
recombination theory are used to identify the defect responsible for 
reverse annealing in 2 ohm-cm n+/p silicon solar cells. This defect, 
with energy level at Ev + 0.30 eV. has been tentatively identified as a 
boron-oxygen vacancy complex. It has been also determined i<y 
calculation that the removal of this defect could result in significant 
annealing at temperatures as low as 200 C for 2 ohm-cm and lower 
resistivity cells. V.L. 


A81-29628 * » SERT II 1980 extended flight thruster experi- 
ments. W. R. Kerslake and L. R. Ignaczak (NASA. Lewis Research 
Center, Cleveland. Ohio). AIAA, Japan Society for Aeronautical and 
Space Science s, and DGLR, International Electric Propulsion Confer 
ance, 15th. Las Vegas, Nev.. Apr. 21-23. 1981. AIAA Paper 81-0665. 
18 p. 14 refs. 

The SERT II spacecraft, launched in 1970. has been maintained 
in an operational, but intermittent status since 1971. This paper 
presents the flight results obtained from mid 1979 through Decem- 
ber 1980. Near continuous solar power in 1979 and 1980 has 
enabled long periods of thruster endurance testing. Three of four 
propellant tanks have been exhausted with no significant change in 
thruster system operation before being empty. A new plasma mode 
thrust has been characterized and direct thrust measurements 
obtained. Other tests, including beam neutralization by various 
neutralizer sources, give insight to electron conduction across 
plasmas in space and provide a basis to model neutralization of 
thruster arrays. (Author) 


A81 -29542 ’ « Simplified power supplies for ion thrusters. R 

P. Gruber (NASA. Lewis Research Center. Cleveland. Ohio). AIAA, 
Japan Society for Aeronautical and Space Sciences, and DGLR. 
International Electric Propulsion Conference. 15th. Las Vegas. Nev , 
Apr 2123. 1981. AIAA Paper 81-0693 12 p. 22 refs 

A program addressing less complex and potentially lower cost 
ion thruster systems has been started at the NASA Lewis Research 
Center This paper discusses the initial development and demonstra 
tion of power supplies with an order of magnitude reduction in parts 
count, leading to increased reliability at lower weight, while still 
maintaining thrust system performance. Two new self-regulating 
keeper power supply circuits were developed and tested. One supply 
comprises 14 parts and uses an input voltage range of 18 to 36 volts, 
the other operates from 200 to 400 volts and requires 22 
components. A new technique for controlling heater power is also 
demonstrated. (Author) 


A81-32897 * « Extended operating range of the 30 -cm ion 
thruster with simplified power processor requirements. V. K. Rawlin 

(NASA. Lewis Research Center, Cleveland. Ohio). AIAA, Japan 
Society for Aeronautical and Space Sciences, and DGLR. Inter 
national Electric Propulsion Conference. 15th. Las Vegas Nev., Apr. 
2123. 1981. AIAA Paper 8 10692. 13 p. 25 refs. 

A 30 -cm -diameter Hg ion thruster similar in design to the 
J-senes thruster was operated at fixed conditions with only five 
power supplies and was throttled over the baseline power range with 
six supplies. An ilysis of the functional model power processor 
showed that the component mass and parts count would be reduced 
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by about 14 and 35% respectively, and the electric* efficiency 
would be increased about 1.6% by replacing power supplies with 
iclays By intioducing new circuit designs additional reductions in 
the component mass and parts, as wel' as an increase in electrical 
efficiency would be expected The impact on thruster peitormancv 
of reducing the numbei of p.wet supplies was to lower the 
propellant utilization efficiency about 1 0% and taise the electrical 
efficiency values from 0.2 to 1 .3% over the throttle range. L.S. 


All -32906 * a Free radical propulsion concept C E Haw 

kins and S. Nakannhi (NASA. Lewis Research Center. Cleveland. 
Ohio). AIAA. Japan Society for Aeronautical and Space Sciences 
and DGLR. International Electric Propuluon Conference 15th. Las 
I /ages. Nev .. Apr 21 23. 1981. AIAA Paper 81 0676 24 (. 

The concept of a free radical propulsion system, utilizing the 
recombination energy of dissociated low molecular weight gases to 
produoe thrust, is analyzed. The system, operating at a theoretical 
impulse with hydrogen, as high as 2200 seconds at high thrust to 
power ratio, is hypothesized to budge the gap between chemical and 
electrostatic ptopultion capabilities. A compaiative methodology is 
outlined by which characteristics of chemical and electric propulsion 
for orbit raising mission can be investigated It is noted that tree 
radicals proposed in rockets previously met with difficulty and 
complexity in terms of storage requirements, the present study 
proposes to eliminate the storage requirements by using electric 
energy to achieve a continuous flow product of free radicals which 
are recombined to produce a high velocity piopellant Microwave 
energy ucd to dissociate a continuously flowing gas is transferred to 
the prnpellant via three body-recombination for conversion to 
propellant kinetic energy. Microwave plasma discharge was found in 
excess of 90 percent over a broad range of pressure in preliminary 
experiments, and microwave heating compared to electrotheimai 
heating showed much highri temperatures in gasdynamic equations 

E.B 


A81 35625 * » Recent work on an RF ton thruster. R Q Lee 
and S Nakamshi (NASA. Lewis Research Center. Cleveland, Ohio) 
AIAA, Japan Society for Aeronautical and Space Sciences, and 
DGLR. International Electric Propulsion Conference 15th. Las 
Vegas Nev Apr 21 23. 1981. AIAA Paper 81 0678 12 p. 17 rets 
Preliminary results of an RF ion thruster using an immersed 
coupler in an argon discharge are presented Conventional ion 
accelerator optics arc used to extract an ton beam An account is 
given of the operation of an unnplimized thru.ter over a range of 
input powers, propellant flow ,ates, frequencies, and magnetic field 
strengths. It is noted that lifetime and overall efficiency factors have 
not yet been extensively inveitigated. The results obtained establish 
the feasibility of this approach and the potential for future 
improvements The conical coil employed to couple RF powei into 
the discharge is placed inside the discharge vessel The discharge is 
self-sustained by 100 150 MHz RF powei at low environmental 
pressures (approximately 000001 torr). The ion extraction is 
accomplished by conventional accelerator grid optics from an 
unoptimized 8 cm diametri ion thruster C.R. 


A81 37569 * Characteristics of 30 centimeter mercury ion 

thrusters J E Maloy (NASA Lewis Research Center. Cleveland 
Ohic), R L Poeschel, and C R Dulgetoff (Hughes Research 
Labo atones, Malibu Calif I AIAA Japan Society for Aeronautical 
and Space Sciences and DGLrt International Electric Propulsion 
Conference 15th Las Vegas Nev Apr 21 23 1981 AIAA Paper 
810715 22 p 9 refs 

The technology development of the 30 cm J series mercury ion 
thruster tor prime propulsion application in solar electric propulsion 
systems has been conducted at NASA Lewis Research Center This 
development included the fabrication and testinq of the 30cm 
thruster Th' present J series thruster design is the result of an 
intensive efts > t to eliminate real and potential desiryi deficiencies 
that were i ncovered during initial endurance structural, and 
performance tests A standaidized set o' test and data recording 


piocedurt was formulated to allow toi the characterization of the 
J senes thrustei. This papei briefly reviews the design of the J senes 
thruster and presents a compilation of recent test results that define 
the J unes thruster characteristics (Author ) 


AS 1 38068 * « Ion beam applications research • A 1981 
eimmary of Lewis Research Center programs. B A Banks (NASA 
Lewis Research Centei. Cleveland, OH' AIAA. Japan Society for 
Aeronautical and Space Sciences and DGLR. International Electru 
Propulsion Conference. 15th. Las Vegas N V. Apr 21 22. 1981 
AIAA Paper 81 0669 71 p 101 refs 

In 1975 the NASA’s Lewis Research Center initiated a technolo 
gy specific spinoff program to more bioadly itilize benefits resulting 
from ion thrustei technology An Ion Bean Applications Research 
(IBAR) program was oiganized to enable the development ol new or 
■mpioved materials, products, and processes through the non pi of xi I 
.ive application of ion thiuster technology Focused efforts to 
identify, evaluate, develop and transfer applications to the usei 
onmr.unity were conducted A summary of the NASA Lewis 
Reseaich Center's m-housc. giant, and contract protects involving 
IBAR is given Specific application efforts utilizing ion beam sputtei 
etching, deposition, and texturing are discussed as well as ion source 
and component technology applications (Author) 


A8 133070 * a Diagnostic system design for the Ion Auxiliary 

Propulsion System /IAPS/ Flight test of two 8 cm mercury ion 
thrusters. E B. Huist (NASA. Lewis Reseaich Center. Cleveland, 
OHI and G Z. Thomas (Hughes Aircraft Co.. Los Angeles, CAI 
AIAA Japan Society tor Aeronautical anil Space Sciences and 
DGLR International Electric Propulsion Conference 15th, Las 
Was. NV. Apt. 21 23 1981. AIAA Paper 81 0666 31 p 

The experiment]! design of a Diagnostic Subsystem (DSSI as 
part of an Ion Auxiliary Propulsion System (IAPS) to be flown on 
P80 1 spacecraft in May 1983 is discussed The DSS is composed of 
several detectors measuring thruster efflux, material deposition and 
spacecraft potential lelative to the local space plasma in the vicinity 
of two 8 cm mercury ion thiusters The detectors consist ol two 
QCM units measuring frequency in the range of two to 65 KHz Nine 
solar cell .II . avs have the capability of measuring current and voltage 
from 0 600 mA and 0 0.9 V Seven icn collectors can measure ion 
currents with bias voltages of 0. 25 55 and 96 V The potential 
probe can measure current at 16 different commandible levels 
varying fiom one to 5 K microamperes within a voltage range of 25 
to 175 V The analysis of the ground based data indicates that the 
hardware is qualified 'oi (light, with the detectors and electronic 
units having pasted all functional and environmental tests Block 
diagiams are given and the functional parameters ol (he different 
design configuiations are described E.B 


A81-38071 * Performance of a magnetic multipol* line-cusp 

argon ion thruster J S Sovey (NASA Lewis Reseaich Centei. 
Cleveland. OHI AIAA Japan Society tor Aeronautical and Space 
Sciences and DGLR International Electric Propulsion Conference 
15th. Las Vegas NV. Apr 2123 1981 AIAA Paper 8 1 -0745 lOp. 
11 refs. 

The peitoimance of a 17 cm di.-metet line-cusp ion thrustei. 
using aiqon and xenon propellants, is investigated Basic optimization 
of the thrustei was accomplished without ion extraction and tests 
were conducted with small vacuum facilities and powei supplies. The 
evaluation of the sensitivity of the performance to changes in 
discharge electrode configurations and the magnetic circuit is 
discussed Final optimization results show that an aigon propellant 
utilization efficiency of 0 9 at 260 W of discharge power pei beam 
ampere, was obtained with a thrustei having 20 rows o' magnets and 
10 tubulai anodes. The average ion beam current densities were as 
high as 13 mA sq cm The results are considered to be the highest yet 
achieved with argon propellant. E B 
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A81 38072 * Particle and field measurement* on two J 

lariat 30c*ntimeter thruitart W C Latham (NASA. Lawn Rrtaaich 
Cental. Cleveland. OHI AIAA Jepen Soiiety tor Aeroneuticel end 
Spaiv Si renew, end OGL R Internehonet Electric Propulsion Confer 
nth I5lh Les Wy.ii NV. Afir. 2123. 1981 , AIAA Paper 81-0/28 
25 1 *3 >aK. 

An experimental investigation umlei complete computei confol 
ol the chuiactenshcs ot peitides and fields emanating from meicuiv 
humbairlment ion thrusters tJ tenet. 30 cm diameter), opeiating 
independentlv and simultaneously. it discussed Reiultt show that 
the tlut late ol sputtered metal atoms leaving a tingle thiustvr has 
been determined and the data is in agreement with previous test 
results. The llut rate and energies of ions leaving single and 
two thruster configurations have been established for a vanetv ot 
(team cuuent levels and combinations involving the two thrusters, 
and the data are sufficient to establish upper bounds Floating 
potential measurements made in the near vicinity of the thrusters 
indicate that the fields are weak, plus or minus a few volts. The tests 
may he significant for the Solar Electric Piopulsion System (SEPSI 
planners. E B. 


A81 40934 * * SERT II thrusters Still treking after eleven 
yean. W R Kerslake (NASA. Lewis Reseaich Center. Cleveland. 
OH) AIAA SAE. end ASME. Joint Propulsion Conference. 17th 
Coloredo Springs, CO. July 27 29 1981. AIAA Peper 81 1539 13 p. 
14 refs. 

The Space Electric Rocket Test II (SERT II) spacecraft was 
launched m 1970 with a primary obiective of demonstrating 
long-term operation of a space electric thrustei system. An overview 
is presented of all the SERT II tesbng conducted during the time 
from 1970 to 1981. Thruster testing and interaction results are 
considered taking into account ion beam thrusting, distant neutral 
■ration, and the plasma beam thrust In a discussion of durability 
testing, attention is given to the main cathodes, the neutralizer 
cathodes, the main keeper insulator, the H V grid insulators, the 
neutrali/er propellant tanks, and the main propellant tanks. The 
most important result of the study is lelated to the confidence 
gained that mercury bombardment ion thrustei systems can be built 
and operated in space on a routine basis with the same lifetime and 
performance as measured in ground testing. G.R 


A81 42196 * a Propellant management for low thrutt chemi- 
cal propulsion systems K V Hamlyn, R H Dergance (Martin 
Marietta Aerospace, Denver, COl. and J C. Aydelott (NASA, Lewis 
Research Centei. Cleveland. OH) AIAA. SAE. end ASME. Joint 
Propulsion Conference . 17th, Coloredo Springs. CO. July 27 29, 
1981, AIAA Peper 81 1453 9 p 8 refs 

Low thrust chemical propulsion systems (LTPS) will be required 
for orbital transfer of large space systems (LSS) The work reported 
in this paper was conducted to determine the propellant require 
ments. preferred propellant management technique, and propulsion 
system sites for the LTPS Propellants were liquid oxygen (L02) 
combined with liquid hydrogen (LH2). liquid methane or kerosene 
Thrust levels of 100. 500. and 1000 Ibf were combined with 1. 4, 
and 8 perigee bums tor transfer from low earth orbit to geosynchro 
nous earth orbit This matrix of systems was eval .ted with a 
multilayer insulation (MLI) 01 a spray on foam insulation Vehicle 
siring results indicate that a toroidal tank configuration is needed tor 
the L02'LH2 system Multiple perigee burns arid MLI allow tar 
superior LSS payload capability Propellant settling, combined with a 
single screen device, was found to be the lightest and least complex 
propellant management technique (Author) 


MSI -Ml 74*| Hughaa Reeeerch Lab* Malibu Calif 
R8TROFIT AMO VERIFICATION TEST OF A 20-eat ION 
THRUSTER Final Repast. IDac. 1S77 ■ IS Jun I860 

C R Oulgaroff and R L Poaachal Dec 1660 140 p 
(Contract NAS3-21062) 

( NASA-CR -186233) Avail NTIS HC A07/MF A01 CSCL 
21H 

Twanty modifications war* found to bo nacaaaary and wara 
approved by daafsn ravlaw. THaaa design madffloatlona wara 
incorporated In the thruatar doc u manta (drawings and proaadurea) 
to define the J eertee thruatar Sixteen of the design rovialena 
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NB121 122*| Aerojet Liquid Rocket Co Sacramento Calif 
LOVE-THRUST CHEMICAL ROCKET ENGINE STUDY Final 
Contractor Report 

J A Mellith Mar 1981 162 p refs 

(Contract NAS3 21940) 

(NASA CP 165278) Avail NTIS HC A08/MF A01 CSCL 
21H 

Engine data and information are presented to perform system 
studies on cargo orbit-transfer vehicles which would deliver large 
space structures to geosynchronous equatorial orbit Low -thrust 
engine performance, weight and envelope parametric dais were 
established preliminary design information was generated and 
technologies for liquid rocket engines were identified Two maior 
engine design drivers were considered in the study cooling and 
angina cycle options Both Mm coded and regenerstrvely cooled 
engines were evaluated The propellant combinations studied weie 
hydrogen/ oxygen methane/oxygen, and kerosene/ oxygen TM 


NS1-21 128*# Rocketdyne Canoga Park. Calif 
LOW-THRUST CHEMICAL ROCKET ENGINE STUDY Final 
Progreso Report. Jul 1979 - Nov I960 

J M Shop Mar 1991 340 p refs 
(Contract NAS3-21941) 

(NASA CR 165275 RI/RD80 237) Avail NTIS 

HC A15/MF A01 CSCL 21H 

An analytical study evaluating thrust chamber cooling engine 
cycles and preliminary engine design for low thrust chemical 
rocket engines for orbit ttansfei vehicles is described Oxygen/ 
hydrogen oxygen/ methane and oxygen/RP 1 engines with thrust 
levels from 444 8 N to 1 3345 N. and chamber pressures from 
13 8 N/sq cm to 889 5 N/sq cm were evaluated The physical 
and thermodynamic properties of the propellant theoretical 
performance data, and transport properties are documented The 
thrust chamber cooling limits for regenerative/ radiation and 
film/iadiation cooling are defined and parametric heat transfer 
data presented A conceptual evaluation of a number of engine 
cycles was performed and a 2224 1 N oxygen/ hydrogen engine 
cycle configuration and a 2224 1 N oxygen/ methane confutation 
chosen for preliminary angina design Updated parametric engine 
data angina design drawings, and an assessment of technology 
required are presented J D H 


MSI -2207S*# International Applied Physics. Inc. Dayton. Ohio 

THE ELECTRIC RAIL GUN FOR SPACE PROPULSION Final 
Report. 24 Jan I860 20 Jan. 1SS1 

David P Bsuet John P Barber and C Julian VaMberg Feb 
1SS1 180 p 
(Contract NAS3-22476I 

(NASA CR 185312) Avail NTIS HC A08/MF A01 CSCL 
21H 

An analytic feaeiMbty investigation of an elect nc propulsion 
concept for specs application a described in this concept. 
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quaatatatic ttiruat due to martial r Motion to rapatittvafy accelerated 
pellet* by an electric tail gun rt uaad to propel a apacacraft 
Tha atudy encompasses tha mapr subsystems raautrad in an 
aiactnc rail gun propulsion ayatam Tha maaa. performance and 
configuration of aach auh-'.tam ura daacribad Baaad on an 
analytic modal of tha ayai ,n mas* and parformanca. tha aiactnc 
rad gun mtaaron parformanca aa a rautabJa orbital tranafai vahtda 
(OTV) ia analytad and comparad to a 30 cm ion thruatar 
ayatam IBIMODI and a chamical propulaion ayatam IIUSI for 
paytoada with maaaaa of 1160 kg and 2300 kg For ayatam 
powar I ava il m tha ranga from 26 kWlal to 100 kWlal an 
aiactnc rad gun OTV ia mora attractnra than a BIMOO ayatam 
lor low Earth orbit to gaoaynchronoua orbit tranafar duration* in 
tha ranga from 20 to 120 day* E D K 


A81 18363 * High parformanca cryogenic anginal for orbit 

transfer vehicles. L B Bassham IAero|et Liquid Rocket Co . 
Sac. -..lento, Calif I. International Aeronautical Federation. Interna 
tional Aeronautical Congress. 31st. Tokyo. Japan. Sept 3228. 
1980 Paper 80 F 253 25 p 8 refs Contracts No NAS8 32999. No 
NAS8 33574. No NAS3 21940. No NAS3 21960 

Evaluations ol 02 H2 engine candidates in the I OK to 30K lb 
thiust class lor Manned Orbit Tiansfei Vehicles (MOTVI and engine 
candidates using 02 H2. 02 RP 1, and 02/CH4 in the 100 to 3.000 
lb thrust range foi Cargo Orbit Transfer Vehicles (COTVI are 
discussed Both space vehicles are pan of the larger SPS concept It is 
shown that the Advanced Expandei Cycle 02/H2 engine for MOTV 
merits further study and investigations COTV engine study has so 
far indicated that conventionally cooled 02 H2 and 02/CH4 engine 
candidates should be evaluated further, while advanced cooling 
schemes are required for 02/ RP 1 concepts With regard to MOTV. it 
is concluded that while no existing system meets the requirements of 
the Orbit Transfer Vehicles, the need for twin expander cycle engines 
is established because a single engine cannot piovide a tolerable 
man safety profile With legard to COTV. it is stressed that advanced 
cooling concepts must be considered if other propellant combina 
tions are to become competitive with 02'H2 Multistage centnfugal 
pumps are seen as the most promising concept C R 


A81 19937 * The effect of solar array voltage patterns on 

plasma power losses. M J. Mandell. I. Kata, P G. Steen, and G W 
Schnuelle (Systems, Science and Software. La Jolla, Calif.). (IEEE 
US Defense Nuclear Agency. Jet Propulsion Laboratory , and DOE 
Annual Conference on Nuclear and Space Radiation Effects. 17th 
Ithaca. N Y . July 15 18. 19801 IEEE Transactions on Nuclear 
Science, vol NS27, Dec 1980. p. 1797 1800 Contract No 
NAS3 21762 

The use of high voltage solar arrays in space is discussed in 
connection with the draining of array power by currents flowing 
between exposed surfaces through the surrounding plasma The 
possibility of reducing the power loss by arranging solar cell strings in 
repeated small area modules to eliminate any large areas at high 
potentials is investigated It is found that the difference in power loss 
between modular and linear patterned high voltage arrays is fairly 
small Although the use of modular patterns can reduce the effective 
mean potential by about 10%. for the type of configuration being 
considered there is also a 10% increase in sheath area, leading to only 
a few percent change in total power loss It is concluded that plasma 
power lots should not be a primary consideration in designing the 
physical arrangement of high voltage arrays. C R 


AS 1 20625 * « Adapting magnetoafectroatatic containment to 
inert gas thrusters W D Ramsey and E L James (Xerox 
Electro Optical Systems. Pasadena. Calif .) American Institute of 
Aeronautics and Astronautics Aero ware Sciences Meeting 19th. St 
Louis. Mo . Jan 12 15. 1981. Paper 810140 6 p 6 refs Contract 
No NAS321345 

Two different types of 12 cm magnetoelectros tat ic containment 
(MESC) ion thrusters have been adapted to argon xznon operation 
Discharge chamber optimization produced excellent performance 


with both the hexagonal and hemispherical shaped thrusters. The 
hemispherical thruster design yielded the best performance, ionizing 
75 to 96 percent of the xenon piopellant with a discharge energy 
consumption rate of 185 to 320 eV/ion Argon operation of the 
same thruster achieved 60 to 80 percent propellant ionization at 215 
to 370 eV/ion. (Author) 


A81 29552 * « Results of the Mission Profile Life Test first 
test segment • Thruster J1. E L James (Xerox Electro-Optical 
Systems, Pasadena. Calif I and R T Bechtel (NASA. Marshall Space 
Flight Center. Huntsville. Ala ). AIAA. Japan Society for Aeronou 
•• ral and Space Sciences, and DCLR. International Electric Propul 
sion Conference 15th Las Veyas Nev . Apr 21 23. 1981 . AIAA 
Paper 81-0716 1 3 p 8 refs. Contract No. NAS3 20399 

A senes of long term test segments of 30 cm diameter mercury 
bombardment thrusters is being conducted as the Mission Profile Life 
Test The first 4000 hour segment has been completed with the J 
series thruster, J1 Thruster and power processing units were 
controlled by computer with software algorithms governing normal 
functions of startup, throttle, and shutdowi as well as automatically 
handling a variety of oft normal conditions. Thruster operation 
includes a discussion of the test chronology describing notable events 
and their significance Post test examination provides insight into 
thruster lifetime Results are consistent with mission requirements of 
15.000 hours at 2A (Author) 


A81 -29561 * » Parasitic currant losses due to solar electric 

propulsion generated plasmas. I Katz, D. E. Parks. M J. Mandell. 
and G W Schnuelle (Systems. Science and Software. La Jolla. 
Calif.). AIAA. Japan Society lor Aeronautical and Space Sciences 
and DCLR. International Electric Propulsion Conference. 15th. Las 
Vegas Nev . Apr 21 23. 1981. AIAA Paper 810740 7 p 9 refs 
Contract No NAS3 21762 

Solar electric propulsion is a leading candidate for many 
upcoming space missions Under many circumstances plasma pro 
duced by charge-exchange reactions within the ion beam dominates 
the ambient environment neat the spacecraft The calculations 
presented here contain a predictive hvJrodynamic model for the 
charge exchange plasma expansion, and a fully three dimensional 
model for the structure of the plasma sheath around the solar array 
wing. Results of calculations for several configurations and voltage 
levels indicate thal with kilovolt biases powei lasses of approximate 
ly 10 percent or more are likely, even with only one engine in 
operation, and that ameliorative measures should focus on the 
inboard portion of the solar arrays (Author) 
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N81-1B123*f National Aeronautics and Space Administration 
Lewie Research Canter. Cleveland. Ohio 

NEW ION EXCHANOE MEMBRANES 

Warren M Philipp Charles E May. and Li-Chan Hsu I960 
14 p refs Presented at Fall Meeting of Elect roc ham Soc . 
Hollywood. Fla. 6 10 Oct 1980 

INASA-TM 81670. E 641) Avail NTIS HCA02/MFA01 CSCl 
078 

A technique for the preparation of ion exchange films 
composed of radiation cross! inked polyacrylic acid end cross! inked 
polyacrylate salts is presented Results suggest that radiotylic 
crosslinking occurs at the alpha carbon on poly acrylic acid via 
hydrogen abstraction by hydrogen atoms produced by the radiotylic 
decomposition of water Conditions of reaction madia and radiation 
does are discussed for optimum crosslinking Practical use of 
croesI inked polyacrylate ion exchange films for the removal of 
metal cations from dilute solution was demonstrated on a 
laboratory scale The wet strength of membranes comprising 
various polyacrylate salts is correlated with water content of 
the swelled membrane J M S 


N91 -21 128*| National Aeronautics and Space Administration 
Lewis Resaarch Center Cleveland. Ohio 

ION BEAM APPLICATIONS RESEARCH. A SUMMARY OF 

LEWIS RESEARCH CENTER PROGRAMS 

Bruce A Banks 1981 73 p refs Presented at 16th Intern 

Elec Propulsion Conf. Las Vegas. 21-23 Apr 1981 sponsored 

by AiAA. Japan Soc for Aaron and Space Sci . and DGLR 

(NASA TM-81721 E 7501 Avail NTIS HC A04/MF A01 CSCL 

20H 

A summary of the ion beam applications research IIBAR) 
program organized to enable the development of materials, 
products and processes through the nonpropulsive application 
of ion thruater technology is given Specific application efforts 
utilizing on beam sputter etching, deposition and texturing are 
discussed as well as ion source and component technology 
applications EDK 


A81-29S66 * * Magnetoelectrostatic thruster physical geom 
etry tetts. W. D Ramsey (Xerox Electro-Optical Systems. Pasadena, 
Calif.). AIAA. Japan Society for Aeronautical end Spece Sciences. 
end DGLR. Internetionel Electric Propulsion Conference. 15th. Les 
Vegas. Alev.. Apr 2123. 1981. AIAA Paper 814753 1 1 p Contract 
No NAS3 21345 

Inert gas tests are conducted with several magnetoelectr astatic 
containment discharge chamber geometries. The configurations 
tested include three discharge chamber lengths; three boundary 
magnet patterns; two different flux density magnet materials, 
hemispherical and conical shaped thrusters having different surface 
to volume ratios; and two and three grid ion optics. Argon mass 
utilizations of 60 to 79% are attained at 210 to 280 eV/ion in 
different test configurations. Short hemi thruster configurations are 
found to produce 70 to 92% xenon mass utilization at 185 to 220 
eV/ ion. CR. 


A81 -29567 * » Performance capabilities of the 8-cm Mercury 
ion thruster. M A Mantemeks (NASA. Lewis Research Center, 
Cleveland. Ohio). AIAA Japan Society for Aeronautical end Space 
Sciences, and DGLR. International Electric Propulsion Conference. 
15th. Las Vegas Nev Apr 21 23. 1981 . AIAA Paper 81 0754 9 p. 
11 refs. 

The paper presents an initial characterization of the perfor- 
mance capabilities and constraints of the 8-cm Hg ion thruster 
system with a view to evaluating its application to large space system 
propulsion requirements. With minor thruster modifications, the 
thrust was increased by about a factor of four, while the discharge 
voltage was reduced from 39 to 22 volts. The thruster was operated 
over a range of specific impulse of 1950 to 3040 seconds, and a 
maximum total efficiency of about 54% was attained at a discharge 
voltage of 24 volts and thruster input power of 0.49 kW. V I 


N81-29190* National Meronautica and Space Administration 
Lawn Resaarch Canter. Cleveland Ohio 
CROSS- LINKED POLYVINYL ALCOHOL AND METHOD OF 
MAKING SAME Patent 

Li -Chen Hau. Dean W Sheibley. and Warren H Philipp inventors 
(to NASA) Issued 9 Jun 1981 4 p Filed 30 Api 1980 
INASA-Case LEW-13101 2 US-Patent-4.272 470 
US-Patent-Appl-SN 14627 1 . US-Patent-AppI SN-97 1473 
U S Patent Class 2 64 1 04 US- Patent Class 2 60- 1 7 4U C 
US Patent Class-429 27 US Patent Class-429 28 
US-Patent Class 428 139 US Patent Class 429 249 
US-Patent Class 429 253 US Patent Class-625-56 
US Patent Class 525 61) Avail U S Patent end Trademark 
Office CSCL 07 C 

A film-forming polyvinyl alcohol polymer is mixed with a 
polyaldehyde polysaccharide cross-linking agent having at least 
two monoeacchanda units and a plurality of aldehyde groups 
per molecule preferably an average of at least one aldehyde 
group per monosaccharide units The cross-linking agent such 
as a poiydialdehvde starch is used in an amount of about 2 5 to 
20% of the theoretical amount required to cross link all of the 
available hydroxyl groups of the polyvinyl alcohol polymer 
Reaction between the polymer and cross-linking agent is effected 
m aqueous acidic solution to produce the cross-linked polymer 
The polymer product has low electrical resistivity end other 
properties rendering it suitable for making separators for 
alkaline batteries 

Official Gazette of the U S Patent and Trademark Office 
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NB1-12171*||f National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 
LAMINATES AND REINFORCED METALS 
C C Charms Oct 1980 47 p refs 

(NASA TM 81591. E 570) Avail NTIS HC A03/MF A01 CSCL 
110 

A selective review is presented of the state of the art of 
metallic laminates and fiber reinforced metals called metallic matrix 
laminates (MMLsI Design and analysis procedures that are used 
for. and typical structural components that have been made from 
MMLs are emphasized Selected MMLs. constituent materials, 
typical material properties and fabrication procedures are briefly 
described, including hybrids and superhybrids Advantages, 
disadvantages, and special considerations required during design, 
analysis, and fabrication of MMLs are examined Tabular and 
graphical data are included to illustrate key aspects of MMLs 
Appropriate references are cited to provide a selective bibliography 
of a rapidly expanding and very promising research and 
development field J M S 


N81-18132*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

PREDICTION OF COMPOSITE THERMAL BEHAVIOR MADE 
SIMPLE 

Chnstoe C Charms 1981 33 p refs Presented at the 36th 

Ann Conf of the Soc of the Ptastics Ind (SPII Reinforced 
Plastics/ Composites Inst. Washington. DC, 16-20 Feb 1981 
(NASA TM 81618. E 624) Avail NTIS HC A03/MF A01 CSCL 
1 1D 

A convenient procedure is described to determine the thermal 
behavior (thermal expansion coefficients and thermal stresaesl 
of angleptied fiber composites using a pocket calculator The 
procedure consists of equations and appropriate graphs for various 
( + or • theta) ply combinations These graphs present reduced 
stiffness and thermal expansion coefficients as functions of ( + 
or - theta) in order to simplify and expedite the use of the 
equations The procedure is applicable to all types of balanced 
symmetric fiber composites including mterply and intraply hybrids 
The versatility and generality of the procedure is illustrated using 
several step-by step numerical examples Author 


N81-17174*f National Aeronautics and Space Administration 
Lew* Reaearch Canter. Cleveland. Ohio 
LOWS R-CURINO-TEMPfRATURE PMR POLYIMIDEB 
T T Serafim. P Deivigt and R D Vannucci 1SS1 17 p 
refs P r aaantad at Thirty- Sixth Ann Conf of the R einforced 
Plastics/ Composites Inst of the Soc of the Plastics Ind, Inc, 
Washington. DC. 16-20 Fab 1SS1 

I NASA- TM -81 705. E-734) Avail NTIS HC A02/MF A01 CSCL 
1 1D 

Studies were performed to achieve a lower -curing -temperature 
PMR poiyimide The use of m smmoetyrene as the end-cap instead 
of the monoalkyl ester of 5-normbomene-2.3 dtcarboxyiic acid 
was investigated in typical PMR formulations Model compound 
studies were ak.j performed Differential scanning coforimotry 
studies were performed on model compounds and neat resins 
to establish their malting and curing characteristics The elevated 
temperature weight loss characteristics of neat reams and graphite 
fiber composites were determined The room temperature and 
short-time 280 C (500 F) mechanical properties of the composites 
were also determined The use of m-ammo s tyrens end-caps 
reduced the final cure temperature of PMR resins by about 68 C 
(100 F). but the composites prepared with these reams are limited 
to use temperatures of about 260 C (500 F) Author 


NS1 -21 174*| National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

ION BEAM SPUTTER ETCHING OF ORTHOPEOIC IMPLANT- 
ED ALLOT MP3SN AND RESULTING EFFECTS ON 
FATIGUE 

Edwin G Wmtucky. Mark Christopher. Eugene Bahnuik. and Simon 
Wang Mar 1981 35 p refs Presented at 15th Intern Electric 
Propulsion Conf. Las Vegas. 21-23 Apr 1981: sponsored by 
AIAA. Japan Soc for Aeron and Space Sci and DGLR 
(NASA TM-B1 747. E-762) Avail NTIS HC A03/MF A01 CSCL 
1 1F 

The effects of two types of argon ion sputtsr etched surface 
structures on the tensile stress fatigue properties of orthopedic 
implant alloy MP35N were investigated One surface structure 
was a natural texture resulting from direct bombardment by 1 keV 
argon ions The other structure was a pattern of square holes 
milled into the surface by a 1 keV argon ion beam through a 
Ni screen mask The etched surfaces were subpected to tensile 
stress only in fatigue tests designed to simulate the cyclic load 
conditions experienced by the stems of artificial hip toint implants 
Both types of sputter etched surface structures were found to 
reduce the fatigue strength below that of smooth surfaca 
MP36N Author 


NS1-17170* National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
METHOO FOR ALLEVIATING THERMAL STRESS DAMAGE 
IN LAMINATES Patent 

Charles A Hoffman. John W West on and Norman W Orth, 
inventors (to NASA) Issued 8 Jul 1980 6 p Filed 6 Apr 
1978 Supersedes N7S-22163 (18 13. p 1675) 

(N,,SA Case LEW- 12493 1. US Patent-4.21 1.364, 

US Patent AppI SN 893857 US Patent Class 22S-1 IS 
US Patent Class 228 170 US-Patent Class 228-174 
US Patent Class 228 190 US Patent Claes- 156 292) Avail US 
Patent and Trademark Office CSCL 11D 

A method a prowled for alleviating the stress damage in 
metallic matrix composites such as laminated sheet or foil 
composites Discontinuities are positively introduced mto the 
interface between the layer* so as to reduce the thermal stress 
produced by unequal expant on of the material* making up the 
composite Although a numtsr of discrete elements could be 
used to form one of the layers and thus carry out this purpose, 
the discontinuities are preferably produced by simply drilling holes 
in the metallic matrix layer or by forming groove* in a grid 
pattern in this layer 

Official Gazette of the U S Patent and Trademark Office 


N81-2614P*||I National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
TUNGSTEN FIBER REINFORCED SUPERALLOV8: A 

STATUS REVIEW 

Donald W Patrasek and Robert A Signorelli 1981 70 p refs 
Presented at the 6th Ann Conf on Composites and Advan 
Ceram Mater. Merritt Island Fla. 18-22 Jan 1981 sponsored 
by the American Ceramic Society 

(NASA TM-82690 E 8371 Avail NTIS HC A04/MF A01 CSCL 
110 

Improved performance of heat engines is largely dependent 
upon maximum cycle temperatures Tungsten fiber reinforced 
superalloys (TFRS) are the first of a family of high temperature 
composites that offer the potential for significantly raising hot 
component operating temperature* and thus leading to improved 
heat engine performance This status review of TFRS research 
emphasize* the promising property data developed to date the 
sf'tus of TFRS composite airfoil fabrication technology and the 
areas requiring more attention to assure their applicability to 
hot section components of aircraft gas turbine engines Author 
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N81 -26149* f National Aeronautics and Space Admimitiation 
Lewis Raaaarch Center Clavaland Ohio 
NONUNEAR LAMINATE ANALYSIS FOR METAL MATRIX 
FIBER COMPOSITES 

C C Chamn and J H Sinclair 1 08 1 IS p raft Praaantad 
at tha 22d Structural Dyn and Malar Coni Atlanta 6-8 Apr 
1981. sponiorad by AIAA. ASME American Society of Civil 
Enginaara and AHS 

(NASA TM 82596 E 7631 Avail NTIS HC A02/MF AOI CSCl 
110 

A nonlinear laminate analytit it daaenbad lor predicting the 
mechanical behavior (stress-strain relationehiptl ol angleplied 
lammatei in which tha matrix la ttrainad nonlinaarly by both 
the retidual atraaa and tha mechanical load and in which additional 
nonlineantiea ara induced due to progreaaive libar Iracturea and 
ply relative rotationa Tha nonlinear laminate analyaia (NLAI it 
baaed on linear compoaite mecnamca and a piece wiae linear 
laminate analyaia to handle the nonlinear reaponaee Retultt 
obtained by uamg thia nonlinear analyaia on boron fiber/ aluminum 
matrix angleplied lammataa agree well with experimental data 
The reaulta ahown illuatrate tha '.I aitu ply atreaa-atrain beha ■ or 
and tynergiatic atrangth enhancement Author 


NS1-2S1S0*||I National Aeronautica and Spaca Admimttration 
Lewia Raaaarch Canter. Cleveland Ohio 

OXIDATION-INDUCED CONTRACTION AND STRENGTH- 
ENING OF BORON FIBERS 

Jamea A OiCario and Timothy C Wagner 1981 35 p reft 

Prevented at the 5th Ann Coni on Composite* and Advanced 
Mater. Merntt laland Fla. 18-22 Jan 1981 aponaored by the 
American Ceramic Society 

(NASA TM 82599 E 846) Avail NTIS HC A03/MF AOI CSCL 
1 1D 

An investigation was conducted to measure and understand 
tha physical and mechanical effect* that occur in boron libera 
during and after thermal treatment in a controlled oxygen argon 
gaseous mixture Of principal concern was tha optimization of 
this treatment as a secondary processing method for si fc ufi- 
cantly improving fiber tensile atrangth Strengthening was 
accomplished by an oxidation induced axial contraction of tha 
fiber and a resulting axial compression ol strength limiting flaws 
within the fiber a tungsten bonde core Various physical observa- 
tions were used to develop mechanistic models for oxidation 
contraction, and flow formation Procatsing guidelines ara 
discussed for possibly exceeding the 5 5 GN/sq m strength limit 
and also for achieving fiber strengthening during applicrtion of 
boron containing diffusion barrier coatings E D K 


NS1 26161*| National Aeronautics and Space Administration 
Lewis Reseaich Center Cleveland Ohio 

COMPUTER CODE FOR INTAAPIV HYBRID COMPOSITE 
DESIGN 

C C Chamit and J H Sinclair 1981 15 r refs Presented 

at the 5th Conf on Fibrous Composites in Struct Design New 
Orleent 27-29 Jan 1981 sponsored by DOD and NASA 
(NASA TM 82593 E 8411 Avail NTIS HC A02/MF AOI CSCL 
1 1D 

A computer program is described for mtrapiy hybrid composite 
design (INHYD) The program includes several composite 
micromechanics theories mtrapiy hybrid composite theories and 
a hygrot her mo mechanical theory These theories provide INHYD 
with considerable flexibility and capability which tha user can 
exercise through several available options Key features and 
capabilities of INHYD are illustrated through selected samples 

E D K 


NS 1 28179* National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
METHOD FOR ALLEVIATING THERMAL STRESS DAMAGE 
IN LAMINATES Patent 

Charles A Hoffman John W W eel on and Norman W Orth 
inventors Ito NASA) Issued 19 May 1981 5 p Filed 20 Feb 
1980 Division of US Patent Appl SN 893857 filed 6 Apr 
1979 US Patent 4 211 354 
(NASA Case LEW 12493 2 US Patent 4 267 953 


US Patent Appl-SN- 122967 US-Patent-4.211.36f.. 

US Patent-Appl-SN 893857 US Patent Class-228 1 18 
US-Patent-Clatt-228- 1901 Avail US Patent and Trademark 
Office CSCL 1 1D 

The method it for metallic matrix composites, such at 
laminated sheet or foil composites Non-intersecting discrete 
discontinuities are positively introduced into the interface between 
the layers so as to reduce the thermal strata produced by unequal 
expansion of the materials making up the composite The 
discontinuities are preferably produced by drilling holes in the 
metallic matnx layer However, a plurality of discrete elements 
may be used between the layers to carry out this purpose 

Official Gazette of the U S Patent and Trademark Office 


N81-27198*||l National Aeronautics and Spaca Administration 
Lewis Research Center. Cleveland Ohio 

ION SPUTTER TEXTURED GRAPHITE Patent Application 

James S Sovey Ralph Forman Arthur N Curran, and Edwin G 
Wintucky. inventors (to NASA) Filed 15 May 1981 14 p 

(NASA Case LEW 12919 1 US Patent Appl SN 2643781 Avail 
NTIS HC A02/MF A01 CSCL 110 

A specially textured surface of pyrolytic graphite which 
exhibits extremely low yields of secondary electrons and 
reduced numbers of reflected primary electrons after impingement 
ol high energy primary electrons it described An ion flux having 
an energy between 500 eV and 1000 aV and a currant density 
between 1 0 mA/tq cm and 6 0 mA/tq cm produce* surface 
roughening or texturing which it in the form of needles Or 
spires Such textured surfaces ara especially useful as anode 
collector plates in high efficiency electron tube devices NASA 


N81-32194*||f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ENVIRONMENTAL EFFECTS ON GRAPHITE FIBER REIN- 
FORCED PMR-16 POLYIMIDE 

Tito T Serafim and Morgan P Hanson 1980 23 p refs 

Presented at Symp Composite* (or Extreme Environ Bal Harbor 
Fla. 11-12 Nov 1980 Sponsored by Am Soc for Testing and 
Materials 

iNASA TM 82625 E 8831 Avail NTIS HC A02/MF A01 CSCL 
1 1D 

Studies were conducted to establish the effects of thermo- 
oxidatrve and hydrothermal exposure on the mechanical properties 
of T300 graphi. a fabric reinforced PMR 15 composites The effects 
of hydrothermal exposure on the mechanical properties of HTS-2 
continuous graphite fiber composites weie also investigated The 
thermo-oxidative stability characteristics of T300 fabric and T300 
fabnc/PMR 15 composites were determined Flexural strengths 
of specimens were determined The useful lifetime of T300 
fabnc/PMR 15 composites in air at 316 C was found to be 
about 100 hours The useful lifetimes in air at 228 and 260 C 
were determined to be 500 and 1000 hours respectively 
Absorbed moisture was found to reduce the elevated temperature 
properties of both the T300 fabricate and HTS-2 continuous 
fiber composites The moisture effect was found to be lever 
sible Author 


A81 29411 * x Nonlinear laminate analytit for metal matrix 
fiber composite* C C Chamit and J H Sinclair (NASA. Lewis 
Research Center. Structures and Mechanical Technologies Div., 
Cleveland, Ohio). In Structures. Structural Dynamics and Materials 
Conference. 22nd. Atlanta. Ga . April 6 8. 1981. Technical Papers 
Part 1 IA81 29377 12 39) New York. American Institute of 
Aeronautics and Astronautics. Inc.. 1981 . p 313 324 11 refs 
(AIAA 81 05791 

A nonlinear laminate analysis is described for predicting the 
mechanical behavior (stresssiram lelationshiptl of angle ply lami 
nate* in which the matrix it strained nonlineatly bv both the letioual 
stress and the mechanical load and m which additional nonlinearities 
are induced due to progressive fiber fractures and ply relative 
rotations The nonlinear laminate analysis is based on linear 
composite mechanics and a piece wise lineai laminate analysis to 
handle the nonlinear responses Results obtained by using this 
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nonlinear analysis on boron fiber /aluminum matrix angle ply lami 
nates agree well with experimental data The resultt shown illustrate 
the in situ ply stress-strain behavior and synergit ic strength 
enhancement (Author I 


A8 143602 * f easibility of Kevlar 49/PMR 15 polyrmide for 

high temperature applications. M P Hanson (NASA. Lewis Research 
Center, Cleveland, OH) In Materials 1960. Proceedings ol the 
Twelfth National Technical Conference. Seattle. WA. October 7 9. 
1980 (A81 43601 20-23) Azusa, CA, Society for the Advancement 
of Material and Process Engineering. 1960. p. 1 14 6 refs 

Kevlar 49 aramid organic fiber reinforced PMR 16 polyimidc 
laminates were characterized to determine the applicability of the 
material to high temperature aerospace structures. Kevlar 49/3601 6 
epoxy laminates were fabricated and characterized for comparison 
with the Kevlar 49/PMR 16 polyrmide material Flexural strengths 
and moduli and interlaminar shear strengths were determined from 
75 to 600 F for the PMR 15 and from 75 to 450 F for the Kevlar 
49/3501 6 epoxy material The study also included the effects of 
hydrothermal and long term elevated temperature exposures on the 
flexural strengths and moduli and the rnter laminar shear strengths 

(Author) 


AS 1 43603 * Properties of PMR polyrmide composites made 

with improved high strength graphite fibers. R 0 Vannucci (NASA. 
Lewis Research Center. Cleveland. OHI. In Materials 1980. Proceed 
mgs ol the Twelfth National Technical Conference. Seattle. WA, 
October 7 9. 1980 (A81 43601 20 23) Azusa. CA. Society for the 
Advancement of Material and Process Engineering, 1980. p. 15 30 7 
refs. 

Recent graphite fiber developments have resulted in high 
strength, intermediate modulus graphite libers having improved 
thermo oxidative resistance These improved fibers, obtained from 
various commercial suppliers, were used to fabricate PMR 15 and 
PMR 11 polyimide composites Studies were performed to investi 
gate the effects of the improved high strength graphite fibers on 
composite properties after exposure in air at 600 F. The use of the 
more oxidatively resistant fibers did not result in improved per 
tormance at 600 F. Two of the improved fibers were found to have 
an adverse effect on the long term performance of PMR composites 
The influence of various factors such as fiber physical properties, 
surface morphology and chemical composition are also discussed 

(Author I 


A81 -43635 * Influence of excess diamine on properties of 

PMR polyimide resins and composites. F I. Hurwitz (NASA. Lewis 
Research Center. Cleveland. OHI In Materials 1980. Proceedings of 
the T'veltth National Technical Conference. Seattle. WA. October 
7 9. 1980 IA81 43601 20 23) Azusa. CA. Society for the Advance 
ment of Material and Process Engineering. 1980 p 517 630 6 refs 
This preliminary study explores the influence of 1 10 percent 
molar excess MOA on the moleculai weight distribution and 
rheological properties of an imidized PMR system Molecular weight 
distribution is characterized by gel permeation chromatography of 
the imidized molding compound, shear viscosity is related to changes 
■n average molecular weight The thermo oxidative stability at 600 F 
glass transition temperature, flexural and interlaminar shear proper 
ties of PMR polyimide/Celiun 6000 graphite fiber composites are 
compared as a function of the percent excess MliA in the monomer 
reactant mixture (Author) 


A81 44662 * » Computer code for mtrapty hybrid ccmpostta 

design. C. C Chamis and J H Sinclair (NASA. Lewis Research 
Center. Cleveland. OH). US. Department ol Defense and NASA, 
conference on Fibrous Composites in Structural Design. 5th. New 
Orleans LA, Jan 27 29, 1981. Paper 13 p 9 refs 

A computer program has been developed »nd >s described herein 


for int'aply hybrid composite design (INHYDI The program 
includes several composite micromechanics theories, intraply hybrid 
composite theories and a hygrothermomechamcal theory These 
theories provide INHY0 with considerable flexibility and capability 
which the user can exercise through several available options Key 
features and capabilities ol INHYC are illustrated through selected 
samples. (Author) 


A6 144664 * 4 Oxidation-induced contraction and strengthen 
mg of boron fibers. J. A. OiCarlo and T. C. Wagner (NASA. Lewis 
Research Center. Cleveland, OH). American Ceramic Society. Annual 
Conference on Composite! and Advanced Ceramic Materials, 5th, 
Merritt Island, FL, Jan 18 22, 1981, Paper 33 p. 16 refs 

An investigation of the physical and mechanical effects of 
thermal treatment in a controlled oxygen argon atmosphere on 
boron fibers is reported, with attention to the optimization of such 
treatment as a secondary processing method for improvement of 
i ber strength. The strengthening mechanism is comorised of an 
oxidation induced axial contraction of the fiber, accompanied by 
axial compression of strength limiting flaws within the fiber's 
tungsten boride core It was found that after an oxidation contrac 
non of 0.3\ near 900 C. and a slight surface etch near 100 C. the 
average tensile strength of 203 micron fibers increased from 600 to 
800 kti. Various physica 1 observations are used to develop mechan 
istic models of oxidation, contraction, and the formation of new 
flaws in the boron sheath at contractions greater than 0.3V O.C. 


A81 44665* » Tungsten fiber reinforced superalloys - A 

status review. 0 W. Petiasek and R. A. Signorelli (NASA. Lewis 
Research Center, Cleveland. OHI American Ceramic Society. Annual 
Conference on Composites and Advanced Ceramic Materials. 5th. 
Merritt Island, FL.Jan. 18 22, 1981. Paper 68 p 58 refs. 

After a review of refractory metal fiber/alloy matrix composite 
development, a discussion is presented of the fabrication techniques 
used in production of tungsten fiber reinforced superalloys (TFRS). 
their most significant properties, and their potential applications in 
the hot section components of gas turbine engines. Emphasis is given 
the development of airfoil-fabrication technology, with a view to the 
production of TFRS turbine blades, and attention is given the 
first generation TFRS material, a tungsten alloy fiber/FeCrAlY 
composite currently under evaluation Detailed properties, design 
criteria and cost data are presented lor this material Among the 
properties covered are stress rupture strength, high and low cycle 
fatigue, thermal fatique, impact strength, oxidation and corrosion 
and thermal conductivity O.C. 


N81-10112*# TRW Inc Cleveland Ohio Materials Technology 
Lab 

TUNGSTEN WIRE REINFORCED SUPERALLOYS FOR 
10S3 C (2000 F| TURSINE BLADE APPUCATIONS Final 

Report 

G I Friedman and J N Fleck Oct 1979 72 p refs 
(Contract NASS 20064) 

(NASA CR 1t>J720 TRW ER-8135) Avail NTIS 

HC A04/MF A01 CSCL 110 

Various combinations of fiber and matrix materials were 
labncated and evaluated for the purpose of selecting a specific 
combination that exhibited the best overall properties for a turbine 
blade application A total of seven matrix alloys including Hestelloy 
X Nimonic 80A Inconel 600 Inconel 625 IN- 102 FeCrAlY 
were investigated reinforced with either 218CS tungsten or 
W HI C fibers Based on preliminary screening studies FeCrAlY 
Inconel 600 and Inconel 625 matrix composites systems were 
selected for extended thermal cycle tests end tor property 
evaluations which included stress rupture impact and oxidation 
resistance Of those investigated the FeCrAlY matrix compoerte 
system exhibited the best overall properties required for a turbine 
blade application The W Hf-C/FeCrA’V system was selected 
for further property evaluation Tensile ..length values of up to 
724 MPa 1105000 psil were obtained for this material at 
982 C and 607 MPa at 1093 C Author 
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Nil 12172** Purdue Umv Lafayette Ind School ol 
Aeronautics and Aaltonaulict 

CONTACT LAW AND IMPACT RESPONSES OF LAMINATED 
COMPOSITES Intanm Report 

C T Sun and S H Yang Fab 1 9S0 1 1 2 p rels 
(Grant' N*G 31851 

(NASA CR 159884 CML 80 1) Avail NTIS 

HC A 06/ MF A01 CSCL 110 

Static idantation tests ware performed tu determine the law 
ol contact between a steel ball and glass* epoxy and graphite/ 
epoay laminated composites For both composites the powei 
law with an mdea ol 1 5 was found to he adequate lor the 
loading curve Substantial permanent deformations were noted 
alter the unloading A high orde' beam limte element was used 
to computa the dynamic contact force and response ol the 
laminated composite subtected to the impact ol an elastic sphere 
This program can be used with either the classical Hertnan 
contact law or the measured contact law A si nple method is 
introduced lor estimating the contact force and contact duration 
in elastic impacts Author 


N81-18229*f Fiber Matertata. Inc . 8rddetord. Memo 
FABRICATION OF ALUMINUM OKI Df FIMR REINFORCED 
ALUMINUM MATRIX COMPOSITES Final Ropan 

J E Heck and G C Strempek Nov i860 88 p refs 
(Contract NAS3 2’013) 

(NASA-CR- 166 184) Avert laeumg Actrvrty CSCL 110 

^ l — nairmnalallrisa pL ■ Im 

I nv mtcnomcRi tmkxicmifchi ui pLXVLnsuiiino muimrir iew 

ram forced aluminum oompoeMes waa ecccmpkahed Wire preterm 
materiel waa prepared by liquid metal inN t r e t i on of alumina Rber 
bundles The wires were subsequently fabricated into bulk 
compoeite material by hot drawing Extensive mechanical, thermal 
and chemical testing wee conducted on preterm bulk materiel 
to develop a process and materials date base In addition, a 
preliminary wvsstlgobon ol mec h ani c al terming ol bub alumina 
liber reinforced aluminum composite materiel was conducted 

Author 


shear strength ol 54 MPa. and compressive strength of 232 MPa 
were observed at room temperature The aa labncated compositor 
at elevated temperature and humidity aged material at room 
temperature had properties 1 to TO percent below these values 
Combined humidity aging plus evaluated temperature testing 
resulted m even lower mechanical properties Hybrid compoeite 
lammatsc ol Fiber 0 with Fiber FP alumina or Thome! 
300 graphite fiber wars also evaluated and significant me re sees 
in modulus fissure and compressive strengths ware observed 

E D K 


A81 1 1336 * CVD-produced boron filaments F. E. Wawner 

(Virginia. University. Charlottesville. Va I. H E DeBolt, and R D. 
Suplitukai (Avco Corp , Avco Sper-alty Materials Div . Lowell. 
Mass ). /American Cersmc Society. Annual Confanmcaa on Compoa 
i tat and Advanced Matanalt. 2nd and 3rd. Cocoa Baach, Fla., Jan. 
22-25. 1978 and Jan. 21-24. 19791 Ceramic Engineenng end Science 
Proceeding!. vol 1, July Aug. 1960. p 346 355 11 refs. Contract 
No. NAS3 20577. 

A technique for producing boron filaments with an average 
tensile strength of 6.89 GPa ha been developed which involves 
longitudinal splitting of the filament and core (substrate) removal by 
etching. Splitting a accomplished by a pinch wheel device which 
continuously splits filaments in lengths of 3.0 m by applying a force 
to the side of the filament to create a crack which s then propagated 
along the axis by a gentle sliding action. To facilitate the splitting, a 
single 10 mil tunpten substrate is used instead ol the usual 0 5 mil 
substrate A solution of hot 30% hydrogen peroxide is used to 
remove the core without attacking the boron An alternative 
technique is to alter the residual stress by heavily etching the 
filament. Average strengths in the 4.83 5.52 GPa range have been 
obtained by etching an 8 mil filament to 4 mil V.L. 


N81- 19233* f Fiber Materials Inc Biddeford. Maine 
FABRICATION DEVELOPMENT OF ALUMINA/ ALUMINUM 
COMPOSITE 8 Final Report 

G C Strempek and 0 E Hirer Nov 1980 41 p rate 
(Contract NAS3-21B44) 

I NASA-CR- 166 195) Avail laeumg Activity CSCL 110 

The mechanical fabrication of poiycryetalline alumina fiber 
rem forced A201 aluminum alloy compoeite heat and angle ehapee 
■e described Wire preterm material was prepared by liquid metal 
infiltration ol alumina fiber bundles The wire was made into 
teat samples by hot preaamg hot noetatic pressing and puttrusion 
Samples were examined for metakographic and mechanic quality 
end hot pressing was selected lor fabricating hat and angle 
shapes A series of processing mterationa was performed and 
AI203/A201 hat and angle sections were produced for testing 

JM S 


N81 21130*1 Du Pont de Nemours (E I I and Co Wilmington 
Del Textile Fibers Dept 

ULTRA H 10 H MODULUS OROANIC FIBER HYBRID 
COMPOSITES 

A R Champion 15 Mar 1981 103 p refs 

(Contract NAS3 218371 

(NASA CR 166228 RSC 3697 61 Avail NTIS 

HC A06/MF A01 CSCL 1 1 D 

An sapanmsntal organic fiber designated Fiber 0 was 
characterised and its performanca as a reinforcement for 
composites wss investigated The fiber has a modulus ol 1 72 GPs 
tensile strength of 3 14 GPa and density ol 1 46 gm/cu cm 
Unidirectional Fiber 0/epoxy laminates containing 60 percent 
liber by volume were evaluated m flexure shear and compression 
al room temperature and 121 C m both the as fabricated condition 
and after humidity aging lor 14 days at 96 percent RH and 
82 C A modulus of 94 1 GPa flexure strength of 700 MPa 


48 



25 inorganic and physical 

CHEMISTRY 

includes chemical analysis. ag chromatography 
combustion theory alectrochemntry and photochem 
ittry 

For related information tea alto 77 Tharmodynamics 
and Statistical Physics 


N81-13106*! National Aeronautics and apnea Adminittrator 
Lawn Naeaarch Canter Qavaland Ohio 

IMPROVEMENT AND SCALE-UP OF THE NASA REDOX 
6T0RAQE SYSTEM 

Margaret A Raid and Lawrence H Thaller 1B80 ? p reft 
Presented at 1 5th Intertoc Energy Convaraion Engineering Conf 
Seattle 18 21 Aug 1980 
(Contract DE AI04 80AL <2726) 

I NASA -TM -8 1632 DOE/ NASA/ 12726 6 E 644) Avail NTIS 
HC A02/MF A01 CSCL IOC 

A preprototype 10 kW redox ayatem (2 kW peak) with 11 
kWh atorage capacity was built and integrated with the 
NASA/ DOE photovoltaic teat facility *< NASA Lawn Thu full 
function redox ayatem mcludea four aubatacka of 39 cella each 
11/3 cu 6 active area) which are connected hydraulically in 
parallel and electrically m aeriea An open circuit voltage cell 
and a eat of rebalance cella are uaed to contmuoualy monitor 
the ayatem state of charge and automatically maintain the anode 
and cathode reactanta electrochemically in balance Recent 
membrane end electrode advance* ere summarized and the reaulta 
of multicell atack teata of 1 cu ft are deacribed R C T 


N81-13106*| National Aeronaut '* and Space Admimatration 
Lewie Research Center Cleveland Ohio 

ACCURACY OF TRACE ELEMENT DETERMINATIONS IN 
ALTERNATE FUELS 

Leslie A Greenbauer Seng 28 May 1900 22 p refa Presented 
at May Conf of the Soc of Appl Spec try of Cleveland and the 
Am Cham Soc Anal Topic* Group of Cleveland Ohio 28 May 

1980 

(NASA TM 81609 E 6051 Avail NTIS HC A02/MF A01 CSCL 
070 

A review of the technique* used at Lewis Research Center 
ILaRC) in trace metals analysis is presented, including the re*u>:a 
of Atomic Abeorption Spectrometry and 0C Arc Emission 
Spectrometry of blank levels and recovery expenments for several 
metals The design of an Interlaboratory Study conducted by 
LeRC is presented Several factors were investigated including 
laboratory, analytical technique fuel type concentration and 
ashing additive Conclusion* drawn from the statistical analysis 
will help direct research efforts toward those areas most 
responsible for the poor interlaboratory analytical results Author 


NS1 -171SS*| National Aeronautics and Space Administration 
Lewie Research Center Cl eveland Ohio 
ACCEPTANCE TESTS AND MANUFACTURER RE- 
LATIONSHIPS FOR 20 AMPHERE HOUR SEALED NICKEL 
CADMIUM CELLS USING DISCHARGE PARAMETERS 
HeroM F Le.becki Nov I960 31 ■> refs 
(NASA TM-S161S E-626) Avail NTIS HC A03/MF A01 CSCL 
10C 

One Nmdred and torty-sia 20 ampere hour sealed nickel 
cadmium ceNe from five manufacturer* were detected using 
prebmmery teats which do not require Me testing end do not 
reduce the expected kh of the cells Differences between mdnriduel 
ctHi wtft iIbo dilicttd mmg thCM tMti Allowing • comptrAon 
of ve n abeny of cell construction by and between manufacturer* 

Author 


N61 1S24S*| National Aeronautics and Space Administration 
Lewi* Research Center. Cleveland. Ohio 

HEAT PIPES TO REDUCE ENGINE EXHAUST EMISSIONS 
Patent AppHeedsn 

Donald F Schultz inventor (to NASA) Filed 30 Jan ISS0 
17 p 

(NASA Casa LEW 1 26SO 1 US Patent Appl SN 2296931 Avail 
NTIS HC A02/MF A01 CSCL 21B 

A fuel combustor employing heat transfer devices for 
improving ;ombustion efficiency and reddting engine exhaust 
emissions is described The fuel combustor consists of an 
elongated casing with an air inlet conduit portion at one end 
An elongated heat pipe is mounted longitudinally m the casing 
and is offset from and extends alongside an intermediate 
combustion apace The heat pipe is m heating transmitting 
relationship with the a<r intake conduit for heating incoming air 
A fuel conduit has a portion engaged in heat transfer re 
lanonehip of the heat pipe for preheating the fuel The offset 
position of the heat pipe relative to the combustion space 
minimises the quenching effect of the heat pipe on the gaseous 
products of combustion, as well as reducing coking of the fuel 
on the treat pipe, thereby improving the efficiency of the 
combustor NASA 


N81-2S1S8*! National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
SYNTHETIC BATTERY CVCUNG 

Lawrence H Thaller 1961 13 p refs Proposed for presentation 
at the 16th Intersoc Energy Conversion Eng Conf Atlanta 
9-14 Aug 1961. sponsored by the American Society of 
Mechanical Engineering 

(NASA TM 8’767. E 8201 Avert NTIS HC A02/MF A01 CSCL 
10C 

The uee of interactive computer graphics is suggested as 
an aid in battery System development Mathematical representa 
lions c-* simplistic but fully representative functions of many 
electrochemical concepts of curient practical interest will permit 
battery level charge and discharge phenomena to be analysed 
in a qualitative manner prior to the assembly and testing of 
actual hardware This technique is a useful addition to the variety 
of toots available to the battery system designer as he bridge* 
the gap between interesting single cell life test data and reliable 
energy storage subsystems EDK 


NS1 -26203* F National Aeronautics and Space Administration 
Lewi* Research Center Cleveland Ohio 

ZIRCONIUM CARBIDE AS AN ELECTROCATALYST FOR 
THE CHROMOUS/CHROMIC REDOX COUPLE Patent 
Application 

Randall F Gehn Margaret A Reid and Chiang Yuan Yang 
inventors (to NASA) Filed 22 May 1981 17 p 

(NASA Cate LEW 13246 1 US Patent Appl SN 2662551 Avail 
NTIS HC A02/MF A01 CSCL 07D 

Zirconium carbide it used at a catalyst in a REDOX cell foi 
tha oxidation of chromout ions to chromic ions and fo> the 
reduction of chromic ions to chromout ion* The zirconium 
carbide ■* coated on an inert electronically conductive electrode 
which it present in the anode fluid of tha cell NASA 


N81-3130S*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

DESIGN AND ASSEMBLY CONSIDERATIONS FOR REDOX 
CFU8 AND STACKS 

Dale K Stalnaker and Arthur Liebermen Sep 1961 13 p 

reft 

(Contract DE AI04 80AL 127261 

(NASA TM 82672 DOE/ NASA/ 12726 10 E 9541 Avert 
NTIS HC A02/MF A01 CSCL 10B 

Individual redox flow cell* are arranged electrically in *enet 
and hydraulically m parallel to form a single assembly called a 
stack The hardware currently being tested in the laboratory hat 
an active electrode area of eithei 310 tq cm o< 929 tq cm 
Four 310 tq cm stacks each consisting of 39 active cells were 
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incorporated into a 1 0 kW praprototype system Tho physical 
design of the alack » very critical to the performance and 
efficiency of the redox storage aytem Thra report will diacuaa 
the mechanical aepecta of the cell and atack design for the 
current Redox hardware, with regard to sealing the atack internelly 
aa well aa externally, mmimuing ahum currenta and mmimumg 
the electrical reaiatance of tho atack E D K 


NS1-16176*f Tennaaeaa Technological Uniy . Cookeville Dept 
of Engineering Science and Mechanica and Mechanical Engineer* 

PERTURBATION SOLUTIONS OP COMBUSTION INSTABIL- 
ITY PROBLEMS 

A Googordy. J Perldieeon. Jr . and M Ventrico Oct IS7B 
06 p nfi 

(Gram NGR-43 003 01 SI 

(NASA-CR 1696431 Avail NTIS HC A04/MF A01 CSCL 
21B 

A method involving approximate modal e~ely*ie uomg the 
Gaferkin method followed by an approximate aolution of the 
reevftmg modal-amplitude equations by the two variabfe perturba- 
tion method (method of multiple acaleel ta applied to two problema 
of preaaure aenaitrve nonlinear combuetion instability in liquid fuel 
octet mot Oft Oo# problem tiMxtt oeHcoupM initibHitY while 
the other exhibit* mode-coupled instability In both caeea it ta 
poaaible to carry out the entire linear stability anafyait and 
atgmficant portiona of the nonlinear at ability analyeie m cloeed 
form In the problem of aalf-coupled instability the nonlinear 
at ability boundary and approximate forms of the limit-cycle 
amplitudes and g. owth and decay rates are determined In cloeed 
form while the exact limit-cycle ampiitudee and growth and decay 
ratee are found numerically In tha problem of mode-coupled 
instability the limit-cycle amplitudes are found m cloeed form 
white me growth and 'decay rates are found numerically The 
behavior of the solutions found by the perturbation method s'e 
m agreement with solutions obtained using complex numerical 
methods Author 


N81-16177*# AerOfel Uquid Rocket Co. Sacramento. Cali! 

MIOM-DENSITV FUEL COMBUSTION AND COOLING 
INVESTIGATION Final Report Oct. 1S77 Aug I960 
Rich J LaBoti Don C Router and Harry W Vailer Sep I960 
1 14 p refs 

(Contract NAS3-21030) 

INASA CR- 166177) Avail NTIS HC A06/Mr A01 CSCL 
21S 

The analysis design, fabrication und lasting of sevaial 
engine configurations are discussed with respect to the combuetion 
and heat transfer characteristics of LOX/RP-1 at chamber 
pressures b tween 6995 and 13790 kPa (1000 and 2000 petal 
The different engine configurations discussed include 9274 kPa 
and 13790 kPa (1200 peia and 7000 petal chamber pressure 
injectors with l«ks doublet and prestomued triplet elements, cooled 
and uncooled acoustic resonators, and graphite regeneratnrety 
cooled and colon metric chambers ranging m length Irom 27 9 to 
37 6 cm (11 to 16 m) A high preaaure LOX/RP-1 spark igniter 
is also evaluated R C T 
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26 metallic materials 

inuludet physical chemical and mechanical properties 
o' metals a y corrosion and metallurgy 


Nil-111 11*| National Aaronautc* and Space Administration 
Law it Rseeercfr Cantai Oavatand Ohio 

COMPLETION Of C VALUATION Of MANUFACTURING 
PR OCCAM! PON N/AI COMPOSITES CONTAINING 0 2mm 
OIAMITIN BONON PIBINB 

Thomat J Moore and Paul E Moorhaad Sap 1 9BO 39 p 

iah 

(NASA TM B 1 873 I 5431 Avail NTIS HC A03/MF A01 CSCL 

no 

Four fabricator! produced a total ol 64 9 'I '.00 Ai 
6/ 600 1 AI. and B/2024 AI panoit lor evaluation The 6 ply 
unidirectional 46 to 60 volume percent panel! were made using 
0 20 mm drameter boron fiber! which were obtained f.om a 
tingle tupplier Hot preaa conaolidation wat earned out in vacuum 
eacept lor one tot of dry woven tape panel! which were hot 
preeaed m air A tingle tatting contractor conducted nondeitructrve 
intpection metallogiaphy tract ography and mechanical properly 
teat! The mechanical property teat! included 21 and 260 C 
tenaite tattt and 21 C ihear tattt Panel quality ai meaaured 
by nondettructnre evaluation wat generally good at wera the 
2 1 C ter.tile propertiea The penelt hot pro! ted in an delaminated 
in the thear tas'- Shear ttrength value* were lower in theae 
penelt B rt tenaile ttrength* were not affected by the delamma 
tiont becaute of the relation between the tentile loading direr '-nn 
and the delammationt Compotrte tentile ttrength wat found to 
be proportional to the volume percent boron and the aluminum 
maim rather than to the tape uted or fabrication technique 
Suitability of theta compoaitet for 260 C tervice wat confirmed 
by tanarl* tattt R K G 


NB1-1 1176*1 National Aeronautic* and Space Admmittration 
Lewis Research Center Cleveland Ohio 

EFFECT OF MECHANICAL SURFACE AND HEAT TREAT 
MENTS ON EROSION RESISTANCE 

Jothua Salt* and Donald H Buckley 1980 10 p reft Propoted 
for pretentation at the Intern Conf on Wear of Material* San 
Francisco 30 Mar 1 Apr 1980 

(NASA TM 816*0 I 3261 Avail NTIS HC A02/MF A01 CSCL 
1 1F 

The effects of mechanical surface treatments at well at 
heat .reatmentt on the trot ton resistance of 6061 aluminum 
alloy and 1045 tteel were studied Mechanical surface treatments 
were found to have little or no effect on the erosion resistance 
This it due to the formation by particle impact of a work hardened 
surface layer regardless of the initial surface condition The erosion 
resistance of AI tingle crystal* it found to be independent of 
orientation This it due to destruction of the surface microttructura 
and formation rf a pohrcryttallme surface layer by the impact of 
erodeni particles at oh served by X ray diffraction While upon 
solution treatment of annealed 6061 aluminum the me reate m 
hardness it accompanied by an increase m erosion resistance 
precipitation treatment which causes a further increase m hardness 
results m slightly lower erosion resistance Using two types Oi 
•rodent particles glass beads and crushed glass the erosion 
rate is found to be strongly dependent on erodant particle shape 
being an order of magnitude mgher for erosion with crushed 
glass as compared to glass beads While for erosion with glass 
beads heat treatment of 1046 steel had a profound effect on 
its erosion resistance little or no such effect wat observed for 
erosion with crushed glass R K G 


NS1 12210*1 National Aeronautics and Space Admmistialion 
Lewis Research Center Cleveland Ohio 

THE ROLE OF OXIDATION IN THE FRETTIN0 WEAR 
PROCESS 

Robert C Bill I960 26 p refs Proposed for pre . ntation at 
the Intern Conf on Wear of Mater San Francisco Vj Mar 1 
Apr '961 sponsored by AMSE and Japan Soc o' Mach Engr 
Prepared m cooperation with Army Aviation Research and 


N91-12211*|t National Aeronautics and Spaca Admmittration 
Lewis Research Center Cleveland Ohio 

NrCrA' TERNARY ALLOY HAVINO IMPROVED CYCLIC 
OXIDATION RESISTANCE Patent Application 
C A Barrett inventor Ito flASAl Filed 23 Oct 1980 4 p 
(NASA Case LEW 13339 1 US Patent Appi SN 1997691 Avail 
NTIS HC A02/MF A01 CSCL Ilf 

NiCrAI alloys were improved by tha addition of tircomun. 
These alloys a'e m the beta or gamma/ gamma prime » beta 
region o' the ternary system Zirconium wat added m a very 
low amount between 0 06 and 0 20 weight percent There wat 
a narrow optimum tircomum level at the low value of 0 1 3 weight 
percent Maiimum resistance to cyclic oaidation wat achieved 
when the tircomum addition was at J\a optimum value NASA 
Development Command Cleveland 

(NASA TA1 61570 AVRADCOM TR 80 C 1 6 E 6381 Avail 
NTIS HC A02/MF A01 CSCL 1 1F 

Fretting espenments were conducted on titanium a tenet 
of Ni Cr AI alloys and on some high temperature turbine alloys 
at room temperature and at elevated temperatures 1 l an and in 
various inert environments It was found that depending on 
temperature and environment the fretting behavior of the materials 
•samined could be classified according to four general types of 
behsvior Briefly these types of behavior were 111 tha complete 
absence of oaidation at in inert environments generally leading 
to low rates of halting wear but high fretting friction 121 gradual 
attrition of surface oaide with each fretting stroke found m 
these eipenmentt to operate in concert with cthei dominating 
mechanisms 131 rapid oaidation at surfaca fatigue damage sites 
resulting in undermining and rapid disintegration of the load 
bearing surface and 141 the formation of coherent protective 
oaide film resulting in low rates of fretting wear An anatytical 
model predicting -.und.bons favorable to the fourth type of dehavmr 
was outlined Author 


NS1 1S0SS*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

EVALUATION OF CANDIDATE STIRUA J ENGINE HEATER 
TUBE ALLOYS FOR 1000 HOURS AT 760 C Final Report 

John A Miaencik Nov I960 35 o reft 
(Contract EC 77 A 31 10401 

(NASA TM 81678 E 648 DOE/ NASA/ 1040 IS) Avail NTIS 
HC A03/MF A01 CSCL 1 1F 

Sta tubing alloys were endurance tested in a diesel fired 
Stirling engine simulator materials test rig for 1000 hours of 
760 C while pressurised at 17 to 21 MPa with either hydrogen 
or helium The alloy* tested were N 155 A 2S6 Incoloy 800 
19 90 L. Nrtronic 40 and 316 stainless steel The alloys were 
in the form of thin wall tubing Hydrogen permeated rapidly 
through the tube walls of all sia alloys when they were heated 
to 760 C Helium was readily contained Creep rupture failures 
occurred m four of the tia alloys pressurised with hydrogen 
Only two alloys survived the 1000 hour endurance lest with no 
failures Simultaneous eapoturs to etther hydrogen or helium 
and the combustion environment aid not seriously degrade the 
tensile ttrength of the tia alloys in room temperature or 760 C 
tests after eapoturs Decreases m room icmpercture ductility 
were observed and are attributed to aging rather than to hydrogen 
embrittlement in three of the alloys Howeuer there may be a 
Hydrogen embrittlement effect m the N 155 19 9DL and Nitronic 
40 alloys Author 


SMI 1 BOM* | National Aeronautics end Space Administration 
Lewis Research Center Cleveland Ohio 

DEPOSITION AND MATERIAL RESPONM FROM MACH 
OS BURNER RIO COMBUSTION OF SRC 2 FUELS FumI 

Report 

G J Santoro F J Kohl C A Stearns G C Fryburg and J 
R Johnson Oct I960 47 p reft 
(Contract EF 77 A 01 2693) 

(NASA TM 81634 E 647 DOE/ NASA/ 2693 201 Avail NTIS 
HC A03/MF A01 CSCL 1 1F 

C olle c t ott at 1173k (900 C) were eapoeed to the combustion 
products of a Mach 0 3 burner rig furred with various industrial 
turbine liquid fuels from solvent ief tried costs Four I unit were 
employed a naphtha a light or a wash solvent and a mid heavy 
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distillate btend The issponss of four superalloys (IN- 100. U 
700. IN 792 and M-S09I to exposure lo tfw combustion gases 
from ths SRC-2 naphtha and raaultani daposits was also 
datsrmmad Tha SRC-2 fuai analysis and insights obtamad during 
tha combustion exoenence ara dtscusaad Particular problems 
ancountarad wars fual mstabrlity and reactions of tha fuel with 
hardware components Tha maior metallic elements which 
contributed to tha daposits ware copper, iron, chromium. 
caLmm. aluminum, nickel silicon titanium, zinc. and sodium 
Tha deposits wars found to be mainly nwtal oxides An equilibrium 
thermodynamic analysis was employed to predict the chemical 
composition of the deposits The agreement between the predicted 
and observed compounds was excellent Nc hot corrosion was 
observed This was expected because the deposits contained 
very little sodium or potassium and constated mainly of the 
un re active oxides However, the amounts of deposits for-ned 
indicated that fouling is a potential problem with the use of 
these fuels Author 


N81-182P9*f National Aeronautic and Space Administration 
Lewis Research Canter. C l eveland. Ohio 
IMPROVED REFRACTORY COATINGS Patent AppSoetton 
William A firamard. inventor (to NASA) Filed 29 Sap 1 960 
8 p 

(NASA- Case- LEW-23 169-2. US Patent Appl-SN 191746) Avail 
NTIS HC A02/MF A01 CSCL 1 1F 

tha adhesion, friction and wear properties of sputtered 
refractory coatings on substrates of materials that form stable 
nitrides are enhanced by placing each substrate directly below 
a titanium carbide target of a commercial radiofrequency dwde 
apparatus m a vacuum chamber Nitrogen is bled into the system 
through a nozzle resulting in a small partial pressure of about 
0 5% to 2 5% during the first two minutes of deposition The 
flow of nitrogen is then stopped, and the sputtering 
reduced to pure argon through a nozzle without interrupting t 
sputtering process When nitrogen is deliberately introduced durir^ 
the crucial interface formation, some of the titanium at tha interface 
reacts jo form titanium nitride while the metal of the substrate 
also forms the nitride These two nitrides atomically mixed together 
in the mterfacisl region act to more strongly bond the growing 
titanium carbide coating is it forms on tha substrate NASA 


N6116210*f National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

EFFECTS OF EROOANT PARTICLE SHAPE AND VARIOUS 
HEAT TREATMENTS ON EROSION RESISTANCE OF PLAIN 
CARBON STEEL 

Joehua Salih and Donald H Buckley Jan 1981 10 p refs 

(NASA-TP-1755. E 3261 Avail NTIS HC A02/MF A01 CSCL 
1 1F 

Erosion tests were conducted on 1045 steel samples which 
had been subjected to different heat treatments The weight of 
material removed upon erosion with glass basis and crushed 
glass was measured The data show that there is no correlation 
between hardness and erosion resistance The erosion rate was 
strongly dependent on the shape of erodant particles, being an 
order of magnitude higher for erosion with crushed glass than 
with glass beads Heat treatment had a profound effect on the 
erosion resistance when the erodant particles were glass beads 
but little or no effect when the particles were crushed glass It 
is thus concluded that different mechanisms of material removal 
are involved with these two erodants This conclusion is supported 
by the surface morphology of annealed 1 045 steel samples which 
had been eroded by these two types of erodant particles SEM 
micrographs of the eroded surfaces show that for erosion with 
glass beads it is deformation induced fracture of surface layers 

Author 


NI1-16211*f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

THE EFFECTS OF TRACE IMPURITIES IN COAL-DERIVED 
LIQUID FUELS ON DEPOSITION ANO ACCELERATED HIGH 
TEMPERATURE CORROSION OF CAST SUPERALLOYS 

Carl E Lowell Daniel J Deed more Gilbert J Santoro, and Fred 


J Kohl 1981 19 p refs Presented at tha 26th Ann Intern 

Gas Turbine Conf. Houston. Tex. 8-12 Mar 1981. Sponsored 
by ASME 

(Contract EF 77-A-01-2593) 

(NASA -TM-8167B DOE/ NASA/2593-22) Avad NTIS 

HC A02/MF A01 CSCL 1 1F 

Tha effects of trace metal impunties in coal-derived liquids 
on deposition, high temperature corrosion and fouling were 
examined Alloys were burner ng tested from 800 to 1 100 C 
and corrosion was evaluated as a function of potential impurities 
Actual and doped fuel test were used to define an empirical life 
prediction equation An evaluation of inhibitors to reduce or 
eliminate accelerated corrosion was made Banum and stron- 
tium were found to limit attack Intermittent application of the 
inhibitors or silicon additiona were found to be effective techniques 
for controlling deposition without losing the inhibitor benefits A 
computer program was used to predict the dew points and 
compositions of daposits These predictions were confirmed in 
deposition test The potential for such deposits to plug cooling 
holes of turbine airfoils was evaluated Teats indicated that, 
while a potential problem exists it strongly depended on minor 
impurity venations M G 


NS1-1821Z*f National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 
MICROSTRUCTURE OF AUOS SCALES FORMED ON NICrAI 
ALLOYS Ph D Theeie - Caaa Western R eserve Unhr. 

James Lao Smiaiek Jan 1981 287 p reft 
(NASA-TM-81676: E-664) Avail NTIS HC A13/MF A01 CSCL 
1 1F 

Tha structure of transient scales formed on pure and Y or 
Zr-doped Ni-15Cr-13AI alloys oxidized for 0 1 hr at 1100 C 
was studied by the use of transmission electron microscopy 
Crystallographically oriented scales were found on all three alloys 
but especially for the Zr-doped NiCrAI The oriented scales 
consisted of aipha-<AI.Cr)203. Ni(AI.Cr)204 and gamma-AI203 
They were often found in intimate contact with each other such 
that the close-packed planet and directions of one oxide phase 
were aligned with those of another The prominent structural 
features of the oriented sc ale s were approximately equal to 
micrometer subgrains: voids ant phase domain boundaries and 
aligned precipitates were also prevalent Randomly oriented 
a!pha-AI203 was also found and was the only oxide ever observed 
at the immediate oxide metal interface These approximately 
0 1 S micrometer grams were populated by mtragranular voids 
which decreased m size and number towards the oxide metal 
interface A sequence of ox elation was proposed in which the 
composition of the growing scale changed from oriented oxides 
net! in Ni and Cr to oriented oxides nch m Al At the same 
time the structure Clanged from cubic spinels to hexagonal 
corundums with apparent precipitates of one phase in the matnx 
of the other Eventually randomly oriented pure alpha-AI203 
formed as the stable oxide with an abrupt transition there was 
no gradual loss of orientation, no gradual compositional change 
or no greduel decrease m precipitate density R C T 


N91-18196*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

THE EFFECT OF THERMAL CYCLING TO 1100 DEGREE C 
ON THE ALPHA (MO) PHASE IN DIRECTIONALLY BOUOI 
FIEO GAMMA/GAMMA PRIME-ALPHA ALLOYS 

Frednc H Harf 1981 15 p refs Presented at the 110th 

Ann Meeting of '.ie Am Inst of Mining. Met and Petrol Eng 
Chicago 22 26 eb 1981 

(NASA TM-81'88 E 7251 Avail NTIS HC A02/MF A01 CSCL 
1 1F 

In gamma/ gamma pnme - alpha eutectic alloys (Ni-Mo-AI). 
the resistance of the alpha phase tu morphological changes during 
thermal cycling was found to be dependent on the structure 
formed during directional solidification Fine, smooth alpha fibers 
survived up to 1000 five minute cycles to 1100 C with minor 
microstructural contour changes, while coarser and irregularly 
shaped alpha fibers tended to spheroidize A mechanism to explain 
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•tut phenomenon it propoeed II it tug petted that on heeling 
to 1100 C the alpha pheaa it likely 10 undergo morphological 
chenget until diltatential theimal aapantion create! a tlreat tree 
interlace between the alpha phate and tha gemma/ gamma puma 
malnt Author 


ot poroua teal material under the rub turteoe A model depending 
the Made Up loading ia propoeed and to baaed on the propagation 
ol on olo ttic ttrooa wove through tha tool material oa the teal 
material o dynamically comproeeed Mr the Made Up Seeding 
edge EOK 


M11U7)'f National Aetuneutict and Space Admimetrotion 
Lawn Roeeerch Cental Cleveland Ohio 

CRIEP AND RESIDUAL MICMANICAL PROPERTIES Of 
CAST SUPER ALLOYS ANO OXIOC D ISM RSI ON 

STRSNOTHSNIO ALLOYS 

J Daniel Whrnonbruger Feb 1SS1 69 p reft 

(NASA rf -1701. I 4721 Avail NT1S HC A04/MF AOi CSCL 

Ilf 

Ten tile itreetrupture creep and reeiduel tenede propemet 
after creep tatting were determined lor two typical coat tuperaUoyt 
and tout advanced oxide doperaton attengthened (ODS) aboyt 
Tha tuper aboyt rxammod included the mckel-baee aboy 
8-1800 and the cobaft-beee aboy MAR-M609 Tha -uckelbaae 
ODS MA-767 (Ni 18CR-4AI-0 6Y203 and the ironbaee 00S 
aboy MA-SS6 (Fe-20Cr-6AI-08Y203) were aitenanrofy ttudied 
whda limited tatting wet conducted on the ODS nrckel-beaa 
aboyt STCA (Ni 160-4 SAl 2Y203I with a without To and 
VD-NIOAI (Ni 19O-8AI-2Y203I Elevated temperature teatmg 
waa conducted from 114 to 1477 R except lor STCA and 
VD-fbCrAI aboyt. which were only tatted at 1399 K The tetid u al 
tenet la propertiaa of 8-1900 and MAR-MSOS are not reduced 
by prior creep tooting Ittreme at I teat up to 1 percent) whda 
the room temperature tone da propertiaa of ODS mckel-baee aboyt 
can be ■ educed bv email amount! ol pner creep Mrem Heat 
than 0 6 percent) The iron baee ODS aboy MA 966 doet not 
appear to be tueceptibie to creep degradation at leaet up to 
theme ol about 0 26 percent However MA-S66 exhibit! unua> tl 
creep behavior whxh apparently mvohret track nuciaation and 
growth Author 


MSI 1S279*| National Aeroneutica and bi<aca Admmietration 
Levina Reeeat c h Canter. Cleveland Ohio 
SIMULTANiOUS ION SPUTTER FOUSHINQ ANO DEPOSI- 
TION 

Sharon Ruttedga Bruce Banka and Marko Srdar (Akron Umv ) 
Jan 19S 1 20 p reft 

(NASA TM 81679 t 706) Avtd NTIS HC A02/MF A01 CSCL 
1 1F 

Reeulti of etpenmentt to ttudy ion beam aputter polithmg 
m cory unction with aimi dtaneout dapoeition ae a mean ol poiiahmg 
copper turlecea are proeentad Two typea ol emuftaneout ion 
aputter pohahing and dapoeition were uaed m t h eta expenmen tt 
The firtt type utduod aputter pohahmg ttmuhaneoua with vapor 
dapoeition and the aecond type utdued aputter polithmg 
annul! enuout with aputter dapoeition The etch end dapoeition 
retee ol both techmquet wart atudied aa web at the eurfece 
morphology and turteoe roughneet Author 


NS1 20246 'f National Aeroneutict and Space Admmittration 
Lewie Reeearch Center Cleveland Ohio 

CFFICTS Of QIOM1TRIC VANIAS LIB ON RUN CMARAC 
TSRIST1CS OF TI-SAI-4V 

Robert C Bdl Jan Wotak IWaahwigton Umv Seattle) and Donahl 
W Wietnder Api 1991 21 p raN Piepaied in cooperation 

wbh Army Aviation Reteerch and Devetopment Command 
Oevetand Ohio 

(NASA TP 1836 AVRADCOM TR 80 C 19 ( 449) Avail 

NTIS HC A02/MF AOI CSCL 1 If 

Etpenmentt annotating rub mteractiont between Ti-6AI-4V 
Made tipa end venout teal materia la were conducted The number 
of Made tipa and the Made tip geometry wet waned to determine 
their effect! on rub forced end on wear phenomena Contact 
wea found to be quite unateady lor all Made tip geometnea 
except lor thoea incorporating dotAart t afy rounded Made tipa 
The une t eeoy contact waa c her ac terued by long penoda of rubbing 
contact end mooeamg Made tip that terminated m audden rapid 
metal removal aomatimaa accompanied by tearing and dieruption 


N91 -11 171*| National Aeroneutict and Space Admmietration 
Lewit Reteerch Center Cleveland Ohio 

SPUTTERED f ROTICTIVf COATINOS FOR Dll CASTING 
OIIS 

Michael J Munch Cuo-Yo Nieh (Cate Weatem Reaerve Umv ) 
end John F Wallace (Cate Weatem Reaerve Umv I 1SS1 14 p 
■ eft Prevented at tha 1981 Intern Coni on Met Coat mg a 
San Francieco 6 10 Apr 19S1 

(NASA TM 91735 E 8031 Avail NTIS HC A02/MF AOI CSCL 
1 1F 

Thit mveatigation determined whether aelecteC ion beam 
■puttered coatmga on H-13 die xteel would have the potential 
ol improving the thermal latigua behavior ol tha ateel uaad aa a 
die in r*ummum die catting Tha coatmga were aelected to teat 
candidate mauletort and mat alt capable ol providing protection 
ol the die turf tea The atudiet mdicft that 1 micrometer thick 
W and Pi coating! reduced tha ifiermal latigua more than any 
other coating teated and are candidate! to be uaed on a die 
aurfece to me reate die life EDK 


NS121 181*# National Aeroneutict and Space Admmittration 
Lawit Reaaarch Center Cleveland Ohio 

STEADY STATE BOUNDARY LUBRICATION WITH FOR- 
MULATED C ETHERS TO 290 C 

WiMiam R Loomit Apr 1981 16 p reft 

I NASA TP 1812 E 480) Avail NTIS HC A02/MF AOI CSCL 

07C 

Steady ttate wear and friction atudiet were made at boundary 
lubrication condition* m a pin on duk (pure iron on rotating 
CVM M 50 ateel) tliding Inchon apparatut with five C ether 
formulated fluid* (modified polyphenyl ether conteining phoaphroua 
attar organic acid and other additnretl Condition* included 20 
150 and 260 C diak temperature* dry air tett atmoaphere 
1 kilogram load 50 rpm dttk tpeed and teat timet to 
130 minute* Ratultt were compered with thoae obtained with 
a formulated MIL L 27502 candidate eater and tha C ether 
bate fluid Three ol the C ether formulation* gave better lubrication 
than both reference fluid* under moat condition* The other two 
C ether formulation* yielded higher wear latex and Inction 
coefficient* than the C ether bate fluid lor moat ol the temperature 
range Only one C e«h» formulation thowed continently higher 
needy ttate wear rate* than the eeter M G 


NS1 -22181 *f National Aeroneutica and Space Admmietration 
Lewie Reeearch Center. Oavetbnd. Ohio 

8FFICTS OF PLASMA SPRAY PARAMETERS ON TWO 
LAVER THSRMAL BARRIER 

Stephan Stecure Mar 1981 22 p reft 

(NASA TM-81724. E 764) Avad NTIS HC A02/MF AOI CSCL 

1 1F 

The power level and the type of arc get uaed during piaama 
■preying of e two layer thermal bernei tyalem (TBS) were found 
to effe ct thx life of the tyatem Ufa at 1095 C m a cyclic 
furnace teat waa unproved by about 140 percent by me retting 
the powe r uurmg piaama aprey applicetiona of the bond and 
thermal barrier coatmga Ttue improvement it due to met o e t oa 
m the denarbea of the bond and thermal barrier coatmga by 
3 end 6 percent, reapectnrefy Theee mcreeaet m denartiea ere 
equtvefent to about 46 and 30 percent reduction m mean 
poroartiea. reepoctrvety The edtbtion of hydrogen to the argon 
arc gaa had the tame effect at the reduction m power level 
and caueed a reduction m TBS bfe Author 
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Nil -24230* I National Aeronautics and Space Adm i»T ration 

Law it Research Cantar. Clavaland Ohio 

MCTHOD FOR DEPOSITING AN OXIDE COATING Patent 

G E McDonald invento. (to NASA) Filed 23 Mar INI ■ p 
(NASA Case LEW 13131-1 US Patent Appl SN 246772) Avail 
NTIS HC A02/MF A01 CSCL 1 1F 

A matai oxide coating ia platad onto a matal aubatrata at 
l ha cathoda from an acid aolution which contains an oxidising 
agant Tha procaaa ia particularly uaalul lor producing tolar 
panala Conventional plating at tha cathode avoida the pretence 
ol otiduing aganta Coatmga made in accordance with the 
invention are ttabie both at high (emperaturea and while under 
tha influence ol high photon flua in the viaible range NASA 


NS1-29188* National Aaronautica and Spaca Admmiatration 
Lawn Raaaarch Cantar Clavaland Ohio 

CORROSION RESISTANT THERMAL BARRIER COATING 
Patent 

Stanley R Levina Robert A Miller and Philip E Hodge inventory 
Ito NASA) laaued 10 Mar 1981 3 p Filed 31 Oct 1979 

Superaedea N80 11142 111 02 p 0160) 

(NASA Case LEW 13088 1 US Patent 4 255 495 
US Patent Appl SN 089779 US Patant data 428 832 
US- Patent Class 428 471 US Patant Claaa 428 678 
US-Patent Class 426 679 US-Patent Claaa 428 6801 Avail US 
Patant and Trademark Office CSCL 11F 

A thermal barrier coating ayatem lor protectirg matal aurlacaa 
at high tamparatura m normally conoanre anvironmanta it 
deaenbed The thermal barrier coating ayatem includea a matal 
alloy bond coating the alloy containing nickel cobalt iron or a 
combination ol theaa metata Tha ayatem further includea a 
corroaion reaiatant thermal barrier oxide coating containing at 
leaat one alkaline earth tilicata Tha preferred oaidee are calcium 
ailicata barium tilicata magneaium ailicate or combmanona of 
theaa ailicataa 

Official G arena of tha U S Patant and Trademark Office 


N81 -28189*1 National Aaronautica and Spaca Adminiatration 
Lewia Raaaarch Cantar Cleveland Ohio 
ION PLATING FOR THE FUTURE 

Talnrakfia Spa Ivina INI 9 p refs Praaantad at tha 24th 
Ann Tech Conf of tha Soc of Vacuum Coaters Dearborn Mich 
12-14 May 1981 

(NASA TM 82630 E 8841 Avail NTIS HC A02/MF A01 CSCL 
11F 

Tha ion plating techniques are classified relative to tha 
instrumental aet up evaporation media and mode of tranaport 
A distinction ia drawn between tha low vacuum Iplaamal and 
high vacuum lion baam) techniques Ion plating technology ia 
discussed at tha fundamental and mduetnal level At tha 
fundamental level the capabilities and limitations of the plasma 
levaporant flux) and film characteristics ara evaluated And on 
tha industrial level tha performance and potential uses of on 
plated films are discussed Authrr 


N61 -25191*| National Aaronautica and Spaca Admmiatration 
Lawia Research Center Cleveland Ohio 

HIGH TEMPERATURE ALRAU CORROSION IN HIGH 
VELOCITY GAMS 

Cad E Lowell Steven M Sidik and Denial L Oeadmore May 
1991 37 p refs 
(Contract EF 77 A 01 2593) 

INASATM 82591 DOE/ NASA/ 2593 26 E 838) Avail NTIS 
HC A03/MF A01 CSCL 1 1F 

The effects of potential impurities m coal derived liquids 
such as Ni K Mg Ci and Q on the accelerated corrosion of 
IN 100 U 700 IN 792 and Mar MS09 were investigated using 
a Mach 0 3 burner rig for times to 1000 hours in one hour 
cycles These impurities ware miected in combination as aqueous 
solutions into the combustor of the burner rig The experimental 
matrix utilised was designed statistically The extant of corrosion 
was determined by metal recession The metal recession data 
were fitted by lines- regression to a polynomial expression which 


allows both interpolation and extrapolation of the data As 
anticipated corroaion increased rapidly with Ne and K and a 
marked maximum in the temperature response was noted for 
many conditions In contrast corrosion decreased somewhat as 
the Ca Mg and Cl contents increased Extensive corrosion was 
observed at concentrations of Ns and k as low as 0 1 PPM at 
long times Author 


N81-2S234*f National Aaronautica and Space Administration 
Lewis Research Canter. Cleveland Ohio 
HIGH TEMPERATURE CYCLIC OXIDATION FURNACE 
TESTING AT NASA LEWIS RESEARCH CENTER 

Charles A Barrett and Carl E Lowell 1981 15 p refs Presented 
at the Symp on Ind Methods for Testing at High Tamp Environ 
Phoenix Aru 12 May 1991 sponsored by American Society 
for Testing and Materials 

(NASA TM *1773 ES33) Avail NTIS HC A02/MF A01 CSCL 
1 1F 

A standardised method of testing the cyclic oxidation 
resistance of various alloys in static air to 1 200 C was developed 
and ia routinely used at NASA Lewis Research Canter Test 
samples are automatically raised and lowered mto a resistance 
wound furnace for a senes of fixed interval heating and cooling 
cycles Spall catchers collect the accumulated spall from each 
sample The samples are weighed intermittently to generate 
specific weight change/time data At venous teat times the 
samples and tha accumulated spall ara analyied by X-ray 
diffraction A computer program uses this gravimetric and X-ray 
data as input to print out the oxidation curves and specific 


NS1 -2S23S*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

FRETTING WEAR AND FRETTING FATIGUE HOW ARE 
THEY RELATED? 

Robert C Bill 1981 25 p refs Proposed for presentation at 

the Joint Lubrication Conf New Orleans 4-7 Oct 1981 
sponsored by American Society of lubrication Engineer and ASME 
Prepared in cooperation with Army Aviation Research and 
Development Command Cleveland Ohio 
INASA TM 82633 AVRADCOM TR 81 C 16 E715) Avail 
NTIS HC A02/MF A01 CSCL 1 1F 

Results from published literature and results obtained 
experimentally usmo a fretting wear apparatus are examined to 
determine how fretting wea- and ting fatigue are related 
The effects of venous sxpen >arametsrs including slip 

amplitude number of fretting c\ jles iquency of fretting motion 
experiment el atmosphere temperature and the performance of 
coatings and surface treatments are surveyed AN of the results 
examined indicate that fretting wear and fretting fatigue are 
influenced in a consistent and analogous manner by controlled 
variations in experimental conditions That is conditions that 
tend to accelerate fretting wear also accelerate fretting fatigue 
failures Correlation ol the performance of coatings on material 
under fretting wear and fretting fatigue conditions is rather 
tenuous partly because similar contact conditions for hatting 
fatigue and fretting wear are not available for very many 
materials A R H 


NS 1 2S23S*| National Aaronautica and Spaca Admimstrst-on 
lewis Research Center Cleveland Ohio 
HOSTILE ENVIRONMENTAL CONDITIONS FACING 
CANDIDATE ALLOYS FOR THE AUTOMOTIVE STIRLING 
ENGINE 

Joseph R Stephens 1981 12 p refs Proposed for presentation 
at the Environ Degradation of Eng Mater Conf Blackburn 
Va 21 23 Sap 1981 
(Contract DE-AI01 77CS 510401 

INASA TM 82632 D0E/NASA/51040 29 E 887) 

Avail NTIS HC A02/MF A01 CSCL 1 1F 

The materials research program in support of the Automotive 
Stirling Engine Protect focuses on the hot healer head of the 
engine including the heater head tubes cylinders and regenerator 
housings which are considered to be .ne most critical components 
from a materials viewpoint Tlie tnecific of investigation 
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in the program involve hydrogen permeability letting doping of 
the hydrogen working fluid to reduce pviiiiirkity rates 
oxidation/ corrotion atudiei creep- rupture evaluation and 
ttaeaaing affecti of hydrogen environment on mechanical 
properties tmphatu it placed on the matenala challenge* that 
ratult from the uae of hydrogen a* the wonting fluid S F 


NS1 2726S*f National Aeronautics and Space Administration 
Lewis Research Cental Cleveland Ohio 

MATERIAL RESPONSE FROM MACH 03 BURNER RIQ 
COMBUSTION OF A COAL OIL MIXTURE 

G J Santoro F D Calfo and F J Kohl Jun 1981 24 p 

refs 

(Contract EF 77 A 01 25931 

(NASA TM81686 00E/ NASA/ 2693 23 E 718) Avail NTIS 
HC A02/MF A01 CSCL 1 1F 

Wedge shaped specimens ware exposed to the combustion 
gases of a Mach 0 3 burner rig fueled with a mixture of 40 weight 
percent micron sue coal panicles dispersed in No 2 fuel oil 
Exposure temperature was about 900 C and the test duration 
was about 44 one hour cycles The alloys tested were the nickel 
base superalloys. IN 100 U-700 and IN-792 and the cobalt 
base superalloy Mai M509 The deposits on the specimens were 
analyzed and the extent of corrosion/ eiosion was measured The 
chemical compositions of the deposits ware compared with the 
predictions from an aquilibrium thermodynamic analysis The 
experiments 1 results were in very good agreement with the 
predictions Author 


NS1 -272BS*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
ADVANCED AIRCRAFT ENGINE MATERIALS TRENDS 
R L Dreshfield Hugh R Gray Stanley R Levina and Robert 
Signorelli 1981 18 p refs Presented at the 26th Ann 

Intern Gat Turbine Coni Houston T ex 8 12 Mar 1981 
sponsoied by ASME 

INASA TM 82626 E 8791 Avail NTIS HC A22/MF A01 CSCL 
1 1 F 

Recent activities o' the Lewis Research Center are reviewed 
which are directed t..vard developing materials for rotating hot 
section components for aircraft gas turbines Turbine biade 
materials activities are directed at increasing metal temperatures 
approximately 100 C compared to cur.ent directionally solidified 
alloys by use of oxide dispersion strengthening or tungaten alloy 
Wire reinforcement of nickel or iron base superalloys The 
application of thermal barrier coatings offers a promise of 
increasing gas temperatuies an additional 100 C with current 
cooling technology For turbine disk alloys activities are directed 
toward reducing the cost ol turbine disks by 60 percent through 
neer net shape fabrication of prealloyed powders as wall as 
towards unproved performance in addition advanced alloy 
concepts and fabrication methods tor dual alloy disks are being 
studied as having potential for improving the life of future high 
performance disks and reducing the amount of strategic materials 
required in these components E 0 K 


NS1-2S231* National Aeronautics and Space Administration 
Lewis Reeearch Center Cleveland Ohio 

BURNER RIQ EVALUATION OF THERMAL BARRIER 
COATING 

Michael A Godwin Feb 1981 23 p refs 
(Contract EF 77 A 01-26931 

INASA TM -8 1684 00E/ NASA/ 2693 76 E 7121 Avail NTIS 
HC A02/MF A01 CSCL 1 IF 

Eight plasma sprayed bond coatings were evaluated for their 
..stential use with Zr02 Y203 thermal barrier coatings (TECs) 
wi ch are being developed for coal derived fuel fired gas turbines 
Lon. er TBC lives m cyclic burner rig oxidation to 1060 C wars 
achieved with the more oxidation resistant bond costings 
These was Nr 14 ICr 134A1 0 lOAr Ni 14 1C4 144AI 0 18Y 
and Ni 16 80 12 8AI 0 38Y on Rene 41 The TBC systems 
perfoimed best when 0 015 cm thick bond coatings war.? 
employed that ware sprayed at 20 kW using argon 3 5v/o 
hydrogen Cycling had a more life limiting influence on the TBC 
than accumulated time at 1060 C Author 


N81-2S233*||I National Aaroiautics and Space Administration 
Lewis Research Center Cleveland Ohio 

AOHESION ANO FRICTION OF TRANSITION METALS IN 
CONTACT WITH NONMETALUC HARD MATERIALS 

Katuhraa Miyoshi and Donald H Bucxiey 1981 IS p refs 
Presented at 'utem Conf on tha So <.* Hard Mater Moran. 
Wyoming. 23-28 Aug 1981 

(NASA TM 82805 E 863) Avail NTIS HC A02/MF A01 CSCL 
1 IF 

Sliding friction experiments were conducted with the metals 
yttrium, titanium tantalum nrconium. vanadium neodymium iron 
cobalt nickel, tungsten platinum, rhenium ruthenium and 
rhodium m sliding contact with single crystal diamond, silicon 
carbide, pyrolytic boron nitride, and fernta Auger electron 
spectroscopy analysis was conducted with the metals and 
nonmetals to determine the surface chemistry and the degree 
of surface cleanliness The results of the investigation indicate 
the adhesion and friction of the transition metals m contact 
with diamond, silicon carbide boron nitride and ferrite are related 
to tha relative chemical activity of the metals The more chemically 
active the metal the higher the coefficient of friction and the 
greater amount of transfer to the nonmetals E 0 K 


NS1-2S208*# National Aeronautics and Space Administration 
Lewis Reeearch Center. Cleveland. Ohio 
NASA'S ACTIVITIES IN THE CONSERVATION OF STRATE- 
GIC AEROSPACE MATERIALS 
Joseph R Stephens 1980 24 p refs 
(NASA TM-81817 E-6231 Avail NTIS HC A02/MF A01 CSCL 
1 1F 

The pnmary obte c trve of the Conservation of Strategic 
Aerospace Materials (COSAM) Program • to help reduce the 
dependence of the United States aerospace industry on strategic 
metals by providing the materials technology needed to minimus 
the strategic metal content of critical aerospace components with 
prime emphasis on components for gas turbine engines Initial 
emphasis was placed in the area of strategic element subetmction 
Specifically, the role of cobalt in nickel base and cobalt base 
superalloys vital to the aerospace industry a being examined in 
great detail by meant of cooperative university -industry 
government research efforts Investigations are unden* in the 
area of new classes of alloys Specifically a study was undertaken 
to investigate the mechanical and physical properties of 
mtermetallics that contain a minimum of the strategic metals 
Currant plans for the much larger COSAM Program are also 
presented E 0 K 


N81 -2820S*# National Aeronautics and Space Administration 

Lewis Research Canter Cleveland Ohio 

COBALT: A VITAL ELEMENT IN THE AIRCRAFT ENGINE 

INDUSTRY 

Joseph R Stephens 1981 1 5 p reft Presented at the Workshop 
Coosa rv Techno) for Critical Mater 15-17 Jun 1981 sponsored 
by Dept of Commerce 

INASA TM 82862 E-9341 Avail NTIS HC A02/MF A01 CSCL 
1 1F 

Recent trends in the United States consumption of cobelt 
indicate that tuperalloyt for aircraft angina manufacture require 
increasing amounts of this strategic element Superaltoys consume 
t lion t share of total U S cobalt usage which was about 
16 million pounds m 1980 In excess of 90 percent of the 
cobalt used m this country was imported principally from the 
African countries of Zaire and Zambia Early studies on the roles 
of cobalt as an alloying element in high tempeiature alloys 
concentrated on the simple Ni-Cr and Nimonic alloy senes The 
role of cobalt m current complex nickel base superalloys is not 
well defined and indeed the need for the high concentration of 
cobalt in widely used nickel base superalloys is not firmly 
established The current cobelt situation * reviewed as it applies 
to superalloys and the opportunities for research to reduce the 
consumptron of cobalt in tha aircraft engine industry are 
described E 0 K 
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Nil 33273' I National Aaronautici and Spaca Administration 
Lawn Resaaich Center Cleveland Ohio 

A NEW DIFFUSION-INHIBITED OXIDATION RESISTANT 
COATING FOR SUPERALLOVS 

Michael A Gedwill. Thomas K Glasgow and Stanley R Levine 
Aug 1981 21 p refs 

(NASA-TM-82687 E 968) Avail NTIS HC A02/MF A01 CSCL 
1 1F 

A concept loi enhanced piotection of superalloys consists 
ol adding an osidation and diffusion -resistant cermet layer 
between the superalloy and the outer oxidation resistant metallic 
alloy coating Such a duplex coating wa> mmoared with a 
physical-vapor-depoeited IPVD) NiCrAlY coating in cyclic oxidation 
at 1 180 C The substrate alloy was MA 784 - an oxide-dispersion- 
strengthened superalloy that is difficult to coat The duplex coating 
applied by plasma spraying outperformed the PVD coating on 
the basis of weight change and both macroscopic and metal- 
lographtc observations Author 


A81 10765 * The influence of isothermal annealing on the 

molybdenum fibers of a directed solid gamma/gamma prime alpha 
alloy IDer Emfluss iso therm er Gluhung auf die Molybdanfasern etner 
garichtet erstarrten gamma/gamma prime alpha- Legrarung). J. D. 

Whittenberger (NASA, Lewis Research Center. Cleveland. Ohio). G. 
Wirth (Deutsche Forschungs- und Versuchsanstalt fur Luft- und 
Raumtahrt. Cologne. West Germany), and R Owen (Gould Labor* 
tones. Cleveland, Ohio) Scripts Metallurgies, *ol. 14. Oct 1980, p. 
1115-1118 7 refs. In German 

The mechanical characteristics of the directed solid eutectic 
NrAIMo (gamma gamma pi imel alpha alloy at high temperatures 
make it useful in the blades of gas turbines. Structural changes are 
observed for the alloy under isothermal annealing, particularly the 
formation of molybdenum plates at the gram boundary and an 
increase of the gamma phase in relation to the gamma prime phase. 
Molybdenum lamellas appear at the grain boundary above 1100 C 
which can have a neqative influence on the mechanical properties. 
The change in the structure near the gram boundary with the 
increase in temperature is illustrated thiough a sequence of pictures. 

R.C. 


A81 12266 * < Cyclic behavior of turbine disk alloys at 650 

C. 8 A. Cowles. D L Sims. J R Warren (United Technologies Corp. 
Pratt and Whitney Aircraft Group. West Palm Beach. Fla.), and R. V. 
Miner, Jr (NASA, Lewis Research Center. Cleveland. Ohio). ASMS. 
Transactions. Journal of Engineering Materials and Technology, vol 
102. Oct 1980. p 356 363 12 refs 

Five gas turbine disk alloys rep-esenting a range of strengths and 
processing methods were tested tor resistance to both cyclic crack 
initiation and propagation at 650 C using a 0 33 Hi fatigue cycle and 
a cycle incorporating a 900 s tensile dwell At the low strain ranges 
pertinent to disks, resistance to crack initiation increased with 
increasing tensile yield strength among the alloys, though the 
advantage was somewhat smaller tor the creep fatigue cycle. Cyclic 
crack growth resistance, however, decreased with increasing strength 
and very markedly so for the dwell cycle. (Authorl 

A8 1 1 29 20 * Thermal barrier coating for heat angina com- 

ponents. S R Levine. R A. Miller, and P E. Hodge (NASA. Lewis 
Research Center. Cleveland. Ohio) SAMPS Quarterly, vol 12. Oct 
1980 p 20 26 25 refs. 

A comprehensive NASA-Lewis program of coating development 
for aircraft gas turbine blades and vanes is presented Improved 
ceramic layer compositions are investigated, along the MCr AIY bond 
films and the methods of uniform deposition of the coatings, the 
thermomechanical and fuel impurity tolerance limits of the coatings 
are being studied Materials include the Zr02-Y203'NiCrAIY system, 
the effects of the bond coat and rircoma composition on coating life 
and Mach 1 burner rig test results are discussed It is concluded that 
Diesel engines can also utilize thermal barrier coating, they have 
been used successfully on piston crowns and exhaust valves oi 
shipboard enqmes to combat lower qrade fuel combustion corrosion 

AT 


A81- 14996 * >• Adherence of on beam sputter deposited 
metal films on H-13 steel. M J Munch iNASA. Lewis Research 
Center, Cleveland. Ohio). American Vacuum Society. National 
Symposium. 27th. Detroit. Mich.. Ot. 14 17. I960. Papet 15 p. 6 
lets. 

An election bombardment argon ion source sputter deposited 
17 metals and metal oxides on H 13 steel The films tanqed 1 to 8 
micrometers in thickness and their adherence was generally greater 
than the capacity of the measuring device, adherence quality 
depended on proper precleaning of the substrate before deposition 
N2 or an was introduced tor correct stoichiometry m metallic 
compounds Au. Ag. MqO. and Ta5Si3 films 8 microns thick have 
bond strength equal to 1 micron coatings, the bond strength ot pure 
metallic films up to 5 microns thick was greater than the epoxy to 
film bond (8000 psi) The results of exposures of coated material to 
temperatures up to 700 C are presented A T. 


A81 itso59 * The effect of lircomum on the cyclic oxida- 

tion of NiCrAI alloys. C A Barrett. A. S. Khan, and C. E. Lowell 
(NASA. Lewis Research Center. Cleveland. Ohio) Electrochemical 
Society. Journal, vol. 128. Jan 1981 . p 25-32. 18 refs 

This paper examines results with cyclic oxidation tests of 
Ni(9 20) Cr (15 30) Al (x|Zr alloys earned out at 1 100 C and 1200 C 
in static air The concentration ot urconium vanes from 0 to 0 63 
atomic percent Significant aluminum penetration is found m 
metallographic and election microscopic examination of oxidned 
surfaces Small amounts ot urconium lead to minimal penetration, 
and with increased urconium content pronounced oxide penetration 
is observed. R.C. 


A81 22530 * » Accuracy of trace element determinations in 
alternate fuels. L A Gteenbauer Seng (NASA. Lewis Research 
Center. Cleveland. Ohio). Society toi Applied Spectroscopy and 
American Chemical Society May Conference. Cleveland. Ohio. May 
28 1980 Paper 20 p. 36 refs 

NASA Lewis Research Center's work on accurate measurement 
ot trace level ot metals in various fuels is presented. The differences 
between laboratories and between analytical techniques especially 
for concentrations below 10 ppm. are discussed, detailing the Atomic 
Absorption Spectrometry (AASI and DC Arc Emission Spectrometry 
(dc arc) techniques used by NASA Lewis Also presented is the 
design of an Interlaboratory Study which is considering the following 
factors laboratory, analytical technique, fuel type, concentration 
and ashing additive. N.D. 


A81 22535 ’ * NASA's activities in the conservation of strate- 

gic aerospace materials. J R. Stephens (NASA, Lewis Research 
Center, Cleveland. Ohio) American Society for Metals, fall Meeting. 
Cleveland. Ohio. Oct 28 30. 1980. Paper 22 p 7 refs. 

The United States imports 50100 percent of certain metals 
critical to the aerospace industry, namely, cobalt, columbium. 
chromium, and tantalum. In an eflort to reduce this dependence on 
foreign sources, NASA is planning a program called Conservation ot 
Strategic Aerospace Matenals (COSAM), winch will provide technol 
nqy minimizing strategic metal content m the components of 
aerospace structures such as aircraft engines With a proposed starting 
date ot October 1981. the program will consist of strategic element 
substitution, process technology development, and alternate malen 
als research NASA's two fold pre COSAM studies center on. first, 
substitution research involving nickel base and cobalt base super 
alloys (Waspaloy. ijdimet 700. MAE M247, Rene 150. HA 188) used 
in turbine disks, low-pressure blades turbine blades, and combustors, 
and. second, alternate matenals research devoted initially to mvesti 
gating possible structuia! applications of the intermetallic alloys 
nickel alumimde and iron alumimde R S 
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A8124104 * » Elevated temperature mechanical properties 
and (andual tamila properties of two call tupatalloyt and tavaral 
nickel base omda dispersion strengthened alloyi. J D Whntenbergei 
(NASA, Lewis Research Center, Cleveland. Ohio). Metallurgies! 
Transactions A Physical Metallurgy and Materials Science vol 12 A. 
Feb 1981, p. 193 206 14 refs 

The elevated tempeiature tensile, stress rupture and creep 
properties and residual tensile piopeities altei creep strair.inq have 
been determined tor two cast superalloys and several wiought 
Ni 16Ci 4AI yttria oxide ditpeision strengthened (OOSI alloys The 
creep behavior of the 00S alloys is similai to that ot previously 
studied OOS nickel alloys. In general, the longitudinal direction is 
stronger than the long transveise direction, and creep is at least 
partially due to a diffusional creep mechanism as dispersoid free 
/ones weir observed after creep rupture testing The tensile propei 
ties of the nickel base superalloy B 1900 and cobalt liase super alloy 
MAR V509 are not degraded by prior elevated temperature creep 
straining (at least up to 1 pet) between 1144 and 1366 K On the 
other hand, the loom tempeiature tensile properties ot ODS 
nickel base alloys can be leduced by prior cieep strains of 05 pet or 
less between 1144 and 1477 K. with the long transverse direction 
being more susceptible to degiadation than the longitudinal direc 
tion. (Author) 


A81 27944 * The effect of mechanical surface and heat 

treatments on the erosion resistance of 6061 aluminum alloy J 

Salik, D Buckley and W A Brainarri (NASA, Lewis Research 
Center, Cleveland Ohio) rtkw vol 65 Jan 1, 1981. p 351 358 17 
refs 

The effects of both mechanical suitace treatments and heat 
treatments on the erosion lesistance of 6061 aluminum alloy were 
studied m order to gam a better under -'ding of material properties 
which affect erosion behavior ll was .. nd that mechanical surface 
treatments have little ot no effect on the erosion resistance This is 
due to the formation by part trie impact of a work haidened surface 
layer, independent of the initial surface condition The erosion 
resistance of aluminum single crystals was found to he independent 
of orientation, which is due to destiuction of the surface micros true 
ture and formation of a polycrystallme surface layer by the panicle 
impact as observed by X ray diffraction Although on solution 
treatment of annealed aluminum 6061 the increase in hardness is 
accompanied by an increase in erosion resistance, precipitation 
treatment (which causes a further mciease in hardnessl results in a 
slightly lower erosion resistance (Author) 


A81 29973 * » Effect of fuel nitrogen and hydrogen content 
on emissions in hydrocarbon combustion 0 A Bittkei and G 
Wolfbrandt (NASA Lewis Research Centei Cleveland. Ohio) 
American Society of Mechanical Engineers Gas Turbine Conference 
anil Protkicts Show Houston Tex Mar 9 I? 1 98 1 Paper 
81 GT 63 13 p 22 refs Members, S2 00 nonmembers $4 00 
Connect No DE AI01 77ET 10350 

The results of an investigation ot the effect of operating 
conditions and fuel properties on emission for the twostaor 
combustion of fuels with significant organic nitrogen content are 
presented The wav in which the emissions of nitrogen oxides and 
carbon monoxide are affected by the decreased hydrogen content 
and the increased organic nitrogen content of coal derived fuels is 
discussed Limited measurements ot smoke from the rich teat' 
combustion of simulated syncrude fuels indicate relatively high 
smoke emissions in spite ot the very lean second stage burning. This 
fact, togethei with the high observed carbon monoxide emissions, 
suggests that trade offs will he necessary between the conditions that 
minimi /e NOx and those that control CO and smoke emissions C R 


A81 32546 * » The effect of thermal cycling to 1 100 C on the 
alpha /Mo/ phase in directionally solidified gamma/gemma- 
primealpha alloys. F H. Half (NASA. Lewis Research Center. 
Cleveland, Ohio) American Institute of Mining. Metallurgical and 
Petroleum Engineers. Annual Meeting, 110th. Chicago, III., Feb. 
22-26. 1981. Paper 13 p. 16 rets. 

Specimens ot gamma/gamma prime-alpha (Mo) eutectic alloy 
were theimelly cycled or isothermally exposed at temperatures of 
1075 to 1100 C. Transmission electron microscopy examination ot 
cycled specimens indicated that even an exposure of 10 minutes 
effected noticeable changes in the shape of the alpha phase, and that 
the changes weie cumulative as more cycles wete added. The cross 
sections of fine, smooth fibers changed from rectangles to octagons, 
while lamellae and irregular shapes sphetoidi/ed. These effects are 
attnbuted to the differences in thermal expansion coefficients 
between the alpha phase and the gamma/gamma prime matrix, and 
to the h •ghei diffusion utes prevailing at elevated temperatures 
Where the configuration ot the alpha phase is a simple shape, such as 
a liber, increasing the temperature eventually brings about a stress 
tree interface between the alpha phase and the matrix bv differential 
thermal expansion. Where the shape of the alpha phase is more 
complex, a stressed interface persists to higher temperatures where 
diffusion produces the more drastic morphological changes I Author I 


A8138066 * a Frictional and morphological characteristics of 
■on plated toft, metallic films. T Spalvms and B Bu/ek (NASA 
Lewis Research Center. Cleveland. OHI American Vacuum Society. 
International Conference on Metallurgical Coatings. San Francisco 
CA. Apr 610. 1981 Paper 12 P 6 refs. 

Ion plated metallic films in contrast to films applied by other 
deposition techniques offer a lower friction coefficient, longer 
endurance lives and exhibit a gradual increase in friction coefficient 
after the him has been worn off The friction coefficients of metallic 
films are affected by the degree ot adherence thickness and 
nucleation and growth characteristics The effective film thickness 
for the minimum fuction coefficient was established for Au and °b 
films. The nucleation and growth characteristics during ion plating 
lead to a tine, continuous crystalline structure, which contributes to 
a lower friction coefficient (Author) 


A81 38067 * a Sputtered protective coatings for die casting 
dies. M. J Mirtich (NASA Lewis Research Center. Cleveland OHI. 
C. V Nieti. and J. F Wallace (Case Western Reserve University. 
Cleveland. OHI A met can Vacuum Society. International Confer- 
ence on Metallurgical Coatings. San Francisco. CA Apr. 6 10. 1981 . 
Paper. 12 p. 5 refs. 

Three expenmental research designs investigating candidate 
matenals and processes involved in protective die surface coating 
procedures by sputter deposition, using ion beam technologies, are 
discussed. Various pie test results show that none ot the coatings 
remained completely intact loi 15.000 test cycles The longest 
lifetime was observer! for coatings such at tungsten, platinum, and 
molybdenum which reduced thermal fatigue bul exhibited oxidation 
and suppiessed crack initiation only as lonq as the coating did not 
fracture Final test results confirmed earlier findings and coatings 
with Pt and W proved to be the candidate matenals to be used on a 
die surface to increase die life In the W coated specimens, which 
remained intact on the surface after thermal fatigue testing, no 
oxidation was found under the coating, although a tew cracks 
formed on the surface where the coating broke down. Further 
reseat ch is planned LB 


A81 38069 * » Ion beam sputter etching of orthopedic im 
plant alloy MP35N and resulting effects on fatigue properties. E G 

Wmtucky. M Christopher (NASA Lewis Heseaich Center. Cleveland. 
OHI, £ Bahnuik (Case Western Reserve University. Cleveland. OHI, 
and S. Wang AIAA lapan Society for Aeronautical and Space 
Serenes and DGLFI Internatxinal Electric Propulsion Conference 
»5l/i Las Vegas. \\r Apr 21 23. 1981. AIAA Paper 8UI6/1 31 p. 
13 refs. 
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AS 1 43384 * Oxidation and hot coirotion of coated and 

bora ox idt dispenion strengthened tu par alloy MA 755E T K 

Glasgow and G J Santoro (NASA Lewis Research Canter. Clave 
land. OHI Oxicinon ot Metals. vol 15 Apr 1981. p. 251 276 9 
rets 

Cyclic hot corrosion and oxidation ol an expenr.iental ox.de 
disparsion stiengthened (OOS) supeialloy MA 755E ware conducted 
in a hot qas stieam at Mach 0 3 The response ol the ODS alloy, bate 
or with oiotective coatings, was similar to that ol a conventional cast 
alloy. II; 792. ill hot corrosion at 900 C However, dining oxidation 
at 1100 and 1 150 C the ODS alloy ditfered liom the cast alloy by 
developing a qieater amount ol sutmirtace poiosity Compared with 
a diffused aluminide coating, an electron beam vapot deposited 
NiOAlY coating offered superior oxidation protection and decieased 
porosity formation In additional testing, the tendency to form 
porosity was associated with the laige grains ol lecrystalli/ed powdei 
metallurgy alloys hut was independent of the presence of an oxide 
dispersion (Author I 


A81 44653 * High temperature cyclic oxidation furnace 

testing at NASA Lewis Research Center. C A Barrett and C. E 

Lowell (NASA Lewis Research Center. Cleveland. OHI American 
Society toi Testing and Materials Symposium on Industrial Methods 
tot Testing at High Temperature Environments Phoemt AZ. May 
12 1981 Paper 13 p 18 refs 

A standardized method ot testing the cyclic oxidation resistance 
of various alloys in stal . air up to 1200 C has been developed and 
routinely used at the NASA Lewis Reseaich Center Test samples ate 
automatically raised and lowered into a lesistance wound furnace fur 
a senes ol fixed inteival heating and cooling cycles Spall catchers 
collect the accumulated spall from each sample The samples are 
wciqhed intermittently to generate specific weight change with time 
data At various test times the samples and the accumulated spall are 
analyzed by X ray diffraction A computer program is used to print 
out the specific weight change versus time data and the X ray data m 
tabulai form and to plot the specific weight change versus time data 
in a publishable luimat The data are also organized and indexed So 
far several hundred Fe . Ni . and Co base alloys have been tested 
using this basic procedure and will form the basis of a series of cyclic 
oxidation handbooks to be published by NASA Such specific weight 
itianqc time data have been used to estimate the oxidative metal 
consumption by seveial computet modeling techniques both to tank 
alloys and to estimate life (Author! 


A81 44657 * » Assessment of variations in thermal cycle life 
data of thermal barrier coated rods. R C. Hendricks and G 
McDonald (NASA Lewis Reseaich Center. Cleveland. OH). Amen 
can Vacuum Society, International Conference on Metallurgical 
Coatings. San Francisco, CA, Apr 6 10. 1981, Paper 11 p 10 refs 
The reported study had the purpose to examine variations in 
cyclic life ar d in adhesive/cohesive coating strength Possible effects 
of healinq rate stress leversal. temperature level, and ceramic 
deposition methods on coating life were also investigated Life cycle 
data for 27 thermal barrier coated rods were examined and found to 
tie statistically modeled by njrmal or lognormal distributions. The 
sample mean was 1330 cycles with a standard deviation of 520 
cycles Adheuve/cohesive pullotf strength data for 20 thermal barrier 
mated flat head piston specimens were taken The average pullotf 
stress was 9 MPa with a standard deviation of 4 2 MPa It was found 
that variations in heating rate can produce significant variations in 
the life cycle data G.R 


A81 44663 * Synergistic erosion/corrosion of superalloys in 

PFB coal combustor effluent S M Bentord G H Zellers and C E 
Lowell INASA Lewis Research Center. Cleveland. OHI American 
Ceramic Society Annual Meeting 82nd Chicago IL Apr 28 30 
I960 Paper 25 p 13 rets 

Twc N i bated superalloys were exposed to die high velocity 
effluent ot a pressurized fluidized bed coal combustor IPFBC) 
Targets were 15 cm diameter rotors operating at 40 000 rpm and 


small flat plate specimens Above an erosion iate threshold (approxi 
"lately 10 microns'hr). the targets were eroded to bare metal The 
presence ol accelerated oxidation at lower erotion rates suggests 
erosion/corrosion synergism Various mechanisms which may con 
tribute to the observed oxide growth enhancement include erosive 
removal of protective oxide layers, oxide and subsurface cracking, 
and chemical inteiaction with sulfur in the gas and deposits through 
damaged surface layers (Author) 


A8148143 * Mechanical properties of weldments in export 

mental Fe-12Mn-0.2Ti and Fe-12Mn lMo-0.2Ti alloys for oryoganic 
service. J. R Stephens. W. R Witike (NASA. Lewis Research Canter. 
Cleveland. OH), and J. H Oevletian (Oregon Graduate Center. 
Beaverton, OR) I American Welding Society . Annual Meeting, 62nd. 
Cleveland. OH, Apr. 5-10, 1981.) Welding Journal . Research Supple 
merit, vol. 60. Sept. 1981. p. 1 77-* to 184-s. 16 refs. 

Mechanical properties of weldments in two F»-12Mn experimen 
tal alloys designed for cryogenic servic • were evaluated. Weldments 
were made using the GTA welding process. Tests to evaluate the 
weldments were conducted at -196 C and included equivalent 
energy fracture toughness tests, autogenous transverse weld, notched 
transverse weld, and longitudinal weld tensile tests, and all weld 
metal tensile tests. The Fe 12Mn-0.2Ti and Fe-12Mn lMo-0.2Ti 
alloys proved weldable for cryogenic service, with weld metal and 
heat affected zone properties comparable with those ot the base 
metal Optimum properties were achieved in the base alloys, weld 
metals, and heat-affected zones after a twostep heat treatment 
consisting «f austenitizing at 900 C followed by tempering at 500 C. 
. ue Mo-containing alloy offered a marked improvement in cryogenic 
properties ovei those of the Mo free alloy Molybdenum increased 
the amount of retained austenite and reduced the amount of epsilon 
martensite obseived in the microstructure of the two alloys (Author I 


A8 1492 17 * Thermal barrier coatings for superalloys. R. A. 

Miller, S. R. Levine, and P. E. Hodge (NASA. Lewis Research Center. 
Cleveland. 0H| In Superalloys 1980 Proceedings of the Fourth 
International Symposium, Champion, PA. September 21-25, 1980 
(A81-49176 24 ?6I Metals Park, OH. American Society for Metals. 
1980, p. 473-480 15 rets. 

The current status of ceramic thermal barrier coatings for 
protection of turbine airfoil components is reviewed Test results for 
an early duplex coating system Zr02-12% Y203'Ni l6% Cr-6% 
AI-0.6% Y. improved system Zr02-8% Y203/Ni-1 7% Cr-5% Al 0.35% 
Y. and air/fuel impurity tolerant systems based on Zr02-8% Y203. 
2Ca0-Si02, and a MgO-NiCrAlY cermet are discussed Preliminary 
test results at 800 C for a graded Zr078% Y203/Ni 20% Cr 11% 
AI-0.4% Y coating system show that the coating can survive at least 
500 hr in the presence of 50 ppm V plus other fuel contaminants and 
additives. V.L. 


NS 1 1 8208 Pittaburgh U mr Pa 

AN INVESTIGATION Of HOT CORROSION MECHANISMS 

IN NICKEL SASE ALLOVS Pti.D Them 

Tar Tau Huang 1980 21S p 

Avail Untv Microhlma Order No 8028015 

The mechanisms by which metala and afioya are attacked 
by gaaaoua environments whan depoeita are preeent on their 
aurface ware determined A large number of different metal and 
alloy apecimena wera e* posed to an oxygen atmoaphere with 
venous salt coatings and oxidized apecimena were examined by 
ordinary light and scanning electron mrcroecopy to characterize 
the morphology and structure of the scale developed at venous 
stages of oxidation Alloy microstructure and oxidation products 
were identified through X ray diffraction electron diffraction end 
EDAX analysis techniques in order to obtain a more conclusive 
picture of the mechanism of hot corrosion Dissert Abetr 
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N61 1S277*f Pratt and Whitnay Aircraft Group Eaat Hartford. 
Conn 

TURBINE BLADE TEMPERATURE MEASUREMENTS USING 
THIN FILM TEMPERATURE SENSORS 

H P Grant. J S Prrybyszewski. and R G daing 17 Mar 
1BS1 86 r rafa 
(Contract NAS3-20631) 

(NASA CR- 165201. PWA-5604-31) Avail N1IS 

HC A04/MF A01 CSCL 1 1F 

The davalopmant of thin film tamparatura aanaora ia diacuaaad 
Tha tec'mology for aputlanng 2 micron thin film platinum varaua 
platinum 10 percent rhodium thermocouple* on alumina forming 
coating* was improved and extended to application* on actual 
turbine blade* Good adherence wa* found to depend upon 
achieving a proper morphology o' the alumina aurface Problem* 
of adapting fabrication procedure* to turbine blade* were 
uncovered, and improvement* were recommended T e*tmg at 
1250 K at one atmoephere pressure wa* than extended to a 
higher Mach No (0 6) m combuator flow for SO hour* and 
71 thermal cycles Tha mean time to failure was 47 lours 
accumulated during 1 hour exposure* m the combustor Calibration 
drift wa* about 0 1 percent per hour, attributable to oxidation 
of the rhodium m the thm film* An increase m film thickness 
and application of a protective overcoat are recommended to 
reduce drift in actual engine testing M G 


A8 1 1 0706 * 0 EH*ct of TMP variable* upon itructur* and 
properties in ODS alloy HDA 8077 iheet. M F Rothman and H M 
TawaiKv (Cabot Corp., Kokomo. Ind.l. International Conference on 
Superalloys, 4th, Champion, Pa , Sept 21 25. I960, Paper 10 p 
Contract No NAS3 20072 

The effects of oxide content level and venations in thermo 
mechanical processing upon the final structure and properties of 
HDA 8077 sheet have been systematically examined It was lound 
that creep strength and formability are substantially influenced by 
both oxide content and TMP schedule Variations in creep properties 
obtained appeal to correlate with observed microstructures (Author I 


NE1 -20244*f Colorado State Unrv Fori Collin* Dept of 
Mechemcal Engineering 

PASSIVATION OF CARBON STEEL THROUGH MERCURY 
IMPLANTATION Final Report. 1 Feb. 1SS0 - 1 Feb. INI 
Paul J Wilbur and Raymond S Robinson Fab 1981 36 p 

rafs 

(Contract NAG3-26) 

(NASA-CR- 165292) Avail NTIS HC A03/MF A01 CSCL 
1 1F 

An expenment. in which carbon steel samples were implanted 
with mercury ion* from a broad beam ion source and their 
corrosion characteristics in air wars evaluated, is described 
Mercury does* of * few mA mm/ square cm at energies of a 
few hundred electron volts are shown to effect significant 
improvements m the corrosion resistance of the treated surfaces 
In a warm moist environment the on sal of rusting was extended 
from 15 min for an untreated sample to approximately 30 hrs 
for one implanted at a dose of 33 mA mm/squar* cm with 
1000 *V mercury ions Author 


NB1-221EB*| Case Western Reserve Unrv . Cleveland Ohio 
MICROCTRUCTURE AND MECHANICAL PROPERTIES OF 
BULK AND PLASMA SPRAYED V20S-PART1AUV STABI- 
LIZED ZIRCONIA Annuel Raped 

Peter G Valentine and Ralph 0 Merer Aug I960 46 p refs 
(Grant NsG-3262) 

(NASA CR- 1651 26) Avail NTIS HC A03/MF 01 CSCL 1 1F 
Bulk • 0 weioht percent yttna partially stabilized zirconia IPSZI 
wm itudud by light microscopy trinimiMsoo •toctron microscopy. 
X-ray analyst*, m m ohardnea* testing and fracture toughness 
testing The a* rec e ived PSZ contain* d spheroidal and gram 
boundary praeprtstas up to 4 micrometers m sue Spheroids up 
to 1 26 micrometers were metastable tetragonal, large spheroids 
were monocfmic Grinding the PSZ into powder did not cause a 
significant amount of tetragonal to transform to monodimc This 
indicate* that transformation toughness is not a significant 
mechanism m PSZ Aging the PSZ at 1600 C caused the Ana 
tetragonal p racemates to grow from 006 to 0 12 mtcrometars. 
m 260 minutes A peak hardness of 1400 kg/aq mm was 
attained after 60 minutes Solution annealing and quenching 
tha as received PSZ eliminated tha large precipitates but An* 
tetragonal precipitate* reformed on quenching Aging at 1 600 C 
caused tha An* 0 02 micrometer* tetragonal precipitate* to grow 
into plat** about 0 10 by 0 50 micromotor* A peak hardness 
of 1617 kg/sq mm wa* obtained after 260 minutes On further 
aging, monocfmic peropitatos formed along gram boui.v nee 
The fracture to ughness of tha aged and unaged solution sniveled 
and quenched PSZ was found to be between 2 and 3 MN 
/square root of m cubed This rang* of frectur* toughness is 
consiatant with PSZ'a that do not undergo transformation 
toughening Author 
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27 NONMETALLIC MATERIALS 

Inc.jdss physical chemical «nd mechanical properties 
o' plaitict elastomer* lubricants polyme'i textiles 
adhesive* and cetamic materials 


NS1 10170*f National Aefonautica and Space Administration 
lewis Research Cental Oevetand Ohio 

EFFECT OF SUBSTRATE SURFACE FINISH ON THE 
LUBRICATION AND FAILURE MECHANISMS OF MO 
LVSOENUM DISULFIDE t iLMS 

Robert L Fusaro 1980 40 p rats Ptoposed lev presentation 
at Annual Meeting ol the Am Soc ot lubrication Engr Putebu'^ 

1 1 14 May 1981 

(NASA TM 8 1 595 E 97151 Avail NTIS MC AU3/MF A01 
CSCl 1 1 H 

An optical microscope was used to study the lubrication 
and failure mechanisms ol rubbed (burnished 1 MoS2 films applied 
to three substrate surface finishes polished sanded and 
sandblasted as a function of sliding distance The lubncatio.i 
mechanism was the plastic flow of thin films of MoS2 between 
flat plateaus on the rider and on the metallic substrate If the 
substrates were rough flat plateaus were created during run in 
and the MoS2 flowed across them Wear life was extended by 
increasing surface roughness since valleys in the roughened 
substrate served as reservoirs for MoS2 and a deposit site lor 
wear debus In moist air the tailure mechanism was the 
tranxtormation ol metallic colored MoS2 films to a black powdery 
material that was found by X ray diffraction to consist primarily 
of alpha iron and Mo03 powders In dry argon the failure 
mechanisrr was the gradual depletion of the MoS2 film from 
the contact region by transverse flow Analysis of the wear debris 
on the wear track at tailure showed it consisted mainly ol alpha 
iron and some residual MoS2 No molybdenum oxides were 
found M G 


N81-11214*# National Aeronautics and Space Administration 
lewis Research Center Cleveland Ohio 

FOLVTETRAFLUOROETHVLf NE TRANSFER FILM STUDIED 

WITH X RAY PHOTOELECTRON SPECTROSCOPY 

Donald R Wheeler Nov 1980 Up refs 

(NASA TP 1728 F 414) Avail NTIS HC A02/ME A01 CSCL 

11G 

Polytetrafluoroethylene IPTFEI was rubbed against nickel in 
ultrahigh vacuum at loads up to 3 9 N and speeds up to 
94 mm /sec The transfer film formed on the nickel was analysed 
using X ray phototectron spectroscopy The film was indistinguish 
able from bulk PTFE except for the possible preeencs of a small 
amount of NiF2 The transfer Mm was found to be about 
1 molecule (0 6 nml thick under all conditions but at speeds 
above 10 mm/sec there was evidence of bulk transfer in the 
form of fragment* as well The threkness measurements required 
a choree among conflicting published values of the inelastic mean 
free path for electron* in polymer* The values chosen gave 
internally consistent .stubs Author 


NS1 1 2228* | National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECT OF LOAD. AREA OF CONTACT. AND CONTACT 
STRESS ON THE WEAR MECHANISMS OF A BONDED 
SOLID LUBRICANT FILM 

Robed l Fusaro 1980 22 p refs Prepared tor the 3d 

Intern Con! on Wear ot Mater San Francisco 30 Mar 1 Apr 
1981 sponsored by the Am Soc of Mach Eng 
(NASA TM 81563 F 5251 Avail NTIS HC A02/MF A01 CSCl 
1 1H 

A pm on disk type of friction and wear apparatus was usad 
to study the effect of load contact stress and rider area of 
contact on the friction and wear properties of polyrmid* bonded 
graphite fluoride films Different rider area contacts were obtained 
by initially generating flats i with areas ot 0 0035 0 0071 0 0145 
and 0 0240 cml on 0 476 cm radrus hemisphencally tipped riders 
Different protected contact stresses were obtained by applying 
loeda of 2 5 to 58 8 N to the flats Two film wear mechanisms 


were observed The first was found to be a linear function of 
contact stress and was independent of rider area of contact 
The second was found to increase exponentially as the stress 
increased The second also appea'^d to be a function of rider 
contain area We»: •ouatmn. fe, each mechanism were empirically 
de.ived from the experimental data In general friction coefficients 
nc rested with increasing rider contact area and with sliding 
duration This was related to the build up of thick rider transfer 
films Author 


NS1-131BS*| National Aeronautics and Spec* Administration 
lewis Research Center Cleveland Ohio 
EFFECT OF MILLING ANO LEACHING ON THE STRUCTURE 
OF SINTERED SILICON 

H C Yah (Cleveland State Umv Ohio) T K G la scow and T 
P Herbell 1980 16 p refs Presented at Ann Meeting of 
the Am Ceram Soc Chicago. 28 30 Apr 1980 
INAF.A TM 81602 E 5911 Avail NTIS HC A02/MF A01 CSCL 

0?C 

Sintering was performed in He for 16 hours at 1200 1260 
and 1300 C Compacts of as- received Si did not density during 
sintering Milling reduced the average particle sue to below 
0 6 micrometer and enhanced densrhcation 1 1 75 g/cc) Leaching 
milled Si further enhanced densification ( 1 90 g/cc max I and 
decreased structural coarsening After smtenng the structure of 
the milled and leeched powder compact* appears favorable for 
the production of reaction bonded silicon nitride Author 


N81 14079* § National Aeronautics and Space Administration 
Itrwts Research Center Cleveland Ohio 

CHANGES IN SURFACE CHEMISTRY OF SILICON CARBIDE 
(00011 SURFACE WITH TEMPERATURE ANO THEIR 
EFFECT ON FRICTION 

Katuhisa Mryoshi and Donald H Buckley Nov 1980 12 p 

refs 

INASA TP 1756 E 475) Avail NTIS HC A02/MF A01 CSCL 
070 

Friction studies were conducted with a silicon carbide (0001) 
surface contacting potycrysialline iron The surface of silicon 
carbide was pretreated ID by bombarding it with argon ions 
foi 30 minutes at a pressure of 1 3 pascals (2) by heating it 
at BOO C for 3 hours tn vacuum at a pressure of 10 to the 
minus eighth powe- pascal or (31 by heating it at 1500 C for 
3 hours in a vacuum of 10 to the m>nus eighth powei pascal 
Auger emission spectroscopy was used to determine the presence 
ol silicon and carbon and the form of the carbon The surfaces 
of silicon carbide bombarded with argon ions or preheated to 
800 C revealed the mam Si peak and a carbide type of C peak 
in the Auger spectra The surfaces preheated to 1600 C revealed 
only a graphite type of C peak in the Auger spectra and the Si 
peak had diminished to a barely perceptible amount The surface* 
of silicon carbide preheated to 800 C gave a 1 5 to 3 times 
higher coefficient of friction than did the surface* of silicon carbide 
preheated to 1600 C The coefficient of friction was lower in 
the < 111 2)0 » direction than m the < 10MK)> direction that 
is it was lower m the preferred crystallographic slip direction 

Author 


N81-17S80* Netronel Aeronautics and Epees Admin QlieQon 
Lewis Ataetrch Censer. Clsvofend ONo 
CURING AGENT FOR ROLYS FOKIDSS ANO'SPOKY RESINS 
ANO COMP OSITES CURED THE RS WITH Ppm 

Too T Ser e flm, Asset Dsfvt g s. end Raymond 0 Vannuccf. mvsnsars 
(so NASA) Issued IS Jan 1SS1 S p Feed SO Aug 1S7S 
Supersedes NTS -S134S 117 - 22. p2S2t) 

(NASA Case- LEW 1 3228 1. US-P***«t-4.244.B87; 

US-Peeanl- Appl-SN-07077 1 . US Patent Oaa* 2800 7EP 
US- Patent- Claas-2SO-S2SS. US-Pnant-Oaao 2SO-S2SN 
US- Patent- Claes- 838-1 17. US-Petent-Qaea-624 1 1S. 

US-Patent Oaae-S2S 3221 AveS US Potent art Trademark 
OfSoo CSCL 07 C 

A curatg far a potyapoarda la described wtuoh oontame a 
dnmfan t aryl radfcaf such as phorndane a tstrsiiaNnt and radcaf 
such at a Setrevefent ke n r e n t letftcaf An opaMds la cured By 
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admixture with ttw curing agent Th* cured epoxy product ratama 
tha uauai proportioa ot cured ap Baidas and. in addit i on, haa a 
higher char reaidua altar burning, an tfta ordar ol 46% by weight 

Tke *- ■ -*■ — — n- U a! imViw be n ^1 ntm ■ wlaMa baa 

■ nt nqgnmi entr i nwu< IM or wtuv n pivivnimg roroow w wo 

atmoaphara el carbon fibara hem carbon Kbar-apoay reain 
compontM in (hi 0 vnm ol bumnQ ol (hi ooroponto 

Official 0 arena al St* U S. Patent and Trade mart OHtaa 


NS 1 1 7294* f National Aeronautics and Space AdmmialretMn 
Lawn Naaaarch Canter. Ootraiand. Ohio 

DYNAMIC* OP SOUD DlbPf RMON8 IN OIL DURINO TMI 
LUBRICATION OP POINT CONTACTS. PART 1: ORA 
PNITt 

C Cuaano (IHinoo Urn*. Urbanal and M I Shnsy ISSt 2B p 
ref* P r cpoood lor presentation at the Ann Meeting of the Am 
Soc of Lubncatxxi Eng. Pittsburgh 11-14 Man 1BS1 
(NASA TM-S1583 E -410-1) Avail NTIS HC A03/MF A01 
CSCl 1 1H 

A Hertzian contact mat lubricated with deponed graphite 
m mineral od* under boundary lubrication condition* Tha contact 
wa* optically obaarved undet pur* rolling, combmed roiling and 
alwb n g. and pure alidmg condition* Tha contact waa formed 
with a atael ball on the Nat aurfac* of a giaaa dak Pho- 
tomi c rographs are preaontad which *how the detnbution of tha 
graphite m and around the contact Friction and aurfaca damage 
iff gito jhown foe conditions whtn the bM# oils in mstf sioos 
and whan graphite « added to the baa* oila Under pure roNmg 
and combmad rol'-ng and adding condition*, it ■ found that, foi 
low s pe eds a graphite him can form which wdi aaparata tha 
contacting aurfaca* Under pure aliding condition* grapfut* 
accumulator at tha iniet and awaapa around tha contact, but 
very tab* of tha grephda paa a aa through tha contact Tha 
accumulated grapfut* appear* to act a* a barrier which reduce* 
tha auppfy of oil avadabla to tha contacl for boundary lubrication 
Friction data ahow no dear abort term beneficial or datnmental 
affect cauaed thr addition of grapfut* to tha beaa oil However, 
dunng pure eliding, more abr avion occur* on tha poliahad bad* 
lubneatad with tha dwpamon than on thoaa lubricated with the 
baa* od alone AH observation * were for tha tpocial caae of a 
family -pohahad ban on a giaaa aurfaca and may not b* applicable 
to other geometne* and material* »k to rougher aurfaca* 

Author 


NB1-1728I*# National Aeronautic* and Space Adnunittration 

Lewi* Raae arch Center C l eveland Ohio 

(VALUATION OP BOUNDARY LUBRICANTS USING 

8T1A0Y STAT1 WEAR ANO FRICTION 

WHhem R Loorrx* and WiMtam R Jones Jr 1BB1 20 p ref* 

Propoaad for presentation at the 30ti. Ann Moating of tha Am 

Soc of Lubrication Eng Pittsburgh 11-14 May 1SB1 

(NASA TM 81001. E-716) Avail NTIS HC A03/MF A01 CSCL 

11M 

A friction and wear atudy wa* mad* at 20 C to aatabliah 
operating bmitt and procedure* lor obtauung improved reproduce 
baity and r*liab4ity m boundary lubrication tasting Ester base 
and C ottier baa* Nuids were used to lubricate a pur* iron ndar 
m sliding contact with a rotating M-50 steel disk ui a pm on -disk 
apparatus Results of a parametric study with varying loads and 
speeds I lowed that satisfactory test conditions for studying the 
direct ion and wear characteristics m tti* boundary lubrication 
regime with the test dames wars found to ba 1 kilogram lead, 
7 to 0 meter* par imnuta ISO rpm) surface spaed dry an test 
atmosphere Haas than 100 ppm H20I and use of a time stepwise 
procedure for measuring wear Highly reproduces* steady stats 
wear rate* resulted from the two fluid studies which had a 
linearity of about M percent after initially higher wear rates 
tnd friction coefficients dunng run m periods of 20 to 
40 muiutas Author 


N81-1728S*f National Aeronautics and Space Administration 
Lewis Research Center Cl eveland Ohio 

COMMIRICAL (TERRESTRIAL) AND MOOIFliD SOLAR 
ARRAY DEMON STUDIES POR LOW COST. LOW POWER 
■PACE APPLICATIONS 


Joseph C Kotacki and Thome* J RHay Dec 1 SS0 2 1 p refa 
(NASA TM 81022 E 032) AvaH NTIS HC A02/MF A01 CSCL 
10A 

Tha suitability of commercial (tarreatnell aotai arrays for us* 
hi low Earth ortm is summed It is shown that commer c ial 
tolar array* degrade under thermal cycling because of matanal 
flexure and that certain types of siheonas used m the construction 
of tnaa* arrays outga* severely Based on the results modifications 
war* made The modified array retains the essential features of 
typical commercial array* and can ba easily both by commercial 
fabrication techruquea at low coat Tha modified array uses a 
metal tray for containment but akmmatas the high outgaaamg 
potting matanei* and glass covet sheets Calls are individually 
mounted with an adhesive and mdivtduaMy covered with giaaa 
cover slip*, or dear plastic tap* Tha modified array Is found to 
withstand severe thermal cycling for long intervals of time M G 


N01-1S2SS* National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 

COMPOMTION ANO METHOD POR MAKING POLYIMIDE 
RCMN-REINFORCED FABRIC Patent 

Tito T Sarafmi and Patai Debugs inventors (to NASA) Issued 
13 Jan 19S1 4p Filed 0 Apr 1S79 Supersedes N79- 24001 
(17 - 15 p 1947) 

(NASA Casa LEW- 12933 1 US Patent 4.244.953. 

US Patent AppI SN 027557. US-Patant Clsas 200 33 4R 
US Patent Clsss-427-221. US Patent CU;«-427-379 
US-Patent Qata-528 3531 Avail US Patent and Trademark 
Office CSCL 1 1E 

A composition for making poiyimide ream reinforced fibers 
oi fabric • discussed The composition includes s poryfunctional 
aster a potyfunclional amine, and an and capping agent Tha 
composition i* impregnated into fibers or fabric and heated to 
form praprag matanal The tack retention characteristics of this 
piaprag mutual are improved by incorporating into the composi- 
tion a liquid otsfmic material compatible with the other ingredients 
ol tha composition Tha praprag material is heated at a higher 
temperature to effect formation of tha pofyimid* ream and tha 
monomeric additive it incorporated in the potyimida poiymei 
structure 

Official Gazan* of the U S Patent and Trademark Office 


NS 1 1 9300* | National Aeronautics and Space Admmisnation 
Lawn Research Cantsi Cleveland Ohio 

SURFACE CHEMISTRY AND FRICTION REHAVIOR OF THE 
SILICON CARBIDE (0001) SURFACE AT TEMPERATURES 
TO 1500 DiO C 

Kazuhna Miyoshi and Donald H Buckley Mar 1981 14 p 

refs 

(NASA TP -1813 E-542) Avail NTIS HC A02/MF A01 CSCL 
11C 

X-ray photoalactron and Auger electron spectroscopy analyse* 
and friction studies war* conducted with s silicon carbide 10001) 
surface in contact with iron Si various tsmparsturas to 1200 ur 
1500 C in a vacuum of 10 to the minus 8th power Pa Tha 
results indicate that there is a significant temperature influence 
on both the surface chemistry and friction piopannc of silicon 
cartMds Tha principal contaminant of adsorbed amorphous carbon 
on tha silicon carbide surface m the as received state is removed 
by simply heating to 400 C Above 400 C graphite and ca'tMda 
type carbine era tha primary sped** on the silicon carbide surface 
in addition to silicon Tha coefficients ol InctKm of potycrystallins 
non sliding against s single crystal silicon carbide lOOOl) surface 
war* high si temperatures to 800 C Similar coefficients of friction 
ware obtained at room temperature aft*> th* silicon carbide wit 
preheated at vanou* temperature* up 800 C When tha friction 
experiment* ware conducted abov* BOO C oi whan the ipecimen* 
ware preheated to abov* 800 C tha coefficients of fnction were 
dramatically lower Al BOO C th* silicon and caitnd* type carbon 
ar* al a maximum intensity hi th* XPS spectre With increasing 
temperature above 800 C th* concentration of th* graphite 
increases reprdly on the surface whereas those of th* carbide 
type caibon and silicon dacreare repidly Author 
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Nil -10171*1 National Aeronautic* and Soac* Admmretruron 
li** Reeeerch Center Cleveland. OIno 
DYNAMICS OP MUD DISPIRBIONS IN OIL DURING TIM 
LUBRICATION OP ROINT OP CONTACTS. PART 1: 
MOLYBOCNUM DISULPIDI 

C Cum no IIMmow Unfv . Urtpna-Champaignl and H E SI may 
1M1 27 p r*f« PropoMd for proaontation at Ann Moating 

of th* Am Soc of Lubrication Engr. Pittsburg. 11-14 May 

INI 

(NASA TM-B 1708. E-410-2) Avail NTIS HC A03/MF A01 
CSCL 1 1N 

A Hannan contact conafatmg of a (tool bail in contact with 
a giaaa disk i* lubneatad with MoS2 diapartiona and obaorvad 
by optical microecopy at vanoua alida/roll conditiont In ganaial 
th* behavior of MoS2 and giaphit* ai* aimilar That «. the 
•olidi land to antai th* contact and form a film on tha 
contacting surfaces whanavar a rolling component of motion m 
used but aolid particlaa aeldom enter tha contact during pur* 
alrdmg Tha MoS2 ha* mon pronounced plaatic flow behavior 
than graphrta However, th* poliahad itaal ball more readily 
*c retched by MoS2 than by graphrta Under the condition* of 
the** itudiaa lower I net ion and wear are obaarvad with pur* 
oil rather than with the diape wont However under other 
condition* lauch at different contact geometry or rougher surfaces) 
the aolid lubricant dtapararona might b* beneficial I 0 K 


NS1 21 1SS* # National Aeronautics and Space Administration 
Lewis ReMarch Canter Cleveland Ohio 

A SPUTTERED ZIRCONIA PRIMER FOR IMPROVED 
THERMAL SHOCK RESISTANCE OF PLASMA SPRAYED 
CERAMIC TURBINE SEALS 

R C Bill J Sovey and G P Allen 1981 14 p rats Presented 
at the 3d Intern Conf on Wear of Mater San Francisco 
30 Mar 1 Apr 1981 Prepared in cooperation with Army 
Aviation ReMarch and Development Command Cleveland 
(NASA TM 81732 AVRADCOM TR 81 C 6 E 7421 Avail 
NTIS HC A02/MF A01 CSCL 07C 

Th* development of plasma sprayed ytlna stabilized income 
(YSZ) ceramic turbine blade lip Mel components is discusMd 
Th* YSZ layers are quite thick (0 040 to 0 090 in) The service 
potential of Mai components with such thick ceramic layers ts 
cyclic thermal shock limited Th* most usual failure mod* is 
ceramic layer dalammation et or very near th* rnterface between 
the plasma sprayed YSZ layer and the NiCrAlY bondcoal 
Deposition of a thin RF sputtered YSZ primer to the bondenat 
prior to deposition of th* thick plasma sprayed YSZ layer was 
found to reduce lamina- cracking m cyclic thermal shock testing 
The cyclic thermal shock life of on* ceramic Mai design was 
increased by a factor of 5 to 6 when the sputtered YSZ primer 
was incorporated A model baMd on thermal response of plasma 
sprayed YSZ particles impinging on the bondcoal surface with 
and without the sputtered YSZ primer piovides e basis for 
understanding th* function of the primer M G 


NS1 22180*# National Aeronautics and Space Administration 
iewn Raaaarch Cantor Cleveland Ohio 
LASER SURFACE FUSION OF PLASMA SPRAYED CERAM 
1C TURBINE SEALS Pantent AppNcotton 

Don yld W Wiaandor and Robert C BA inventors (to NASA) 
Filed 1 1 Mar 1SS1 11 p 

(NASA Case LEW 132SS1 US Patent Appi SN 242 7S6) Avail 
NTIS HC A02/MF A01 CSCL 07C 

An abradable lining that m deposited on a ah rood forming a 
ga* path teal in turbomachmary a daaenbed Improved thermal 
shock resistance la effected through th* del i berate introduction 
of microc racks which wA not propagate appreciably upon eepoaura 
to th* thermal shock environment et which a turbine seal must 
function Th* rmcrocacka are introduced by laaer turfaco fusion 
treatment of th* ceramic The ceramic surface M laser scanned 
to form a continuous danse layer Aa th* layer cool* and eolidiR**. 
shrinkage result* m th* formation of a vary fin* c'tcfc network 
which preclude* th* formation of a catastrophic crack during 
thermal shock eepoaura J D H 


NS1-221SS*# National Aeronautic* and Space Admmieiration 
Law* Raaaar ch Cental. Cleve la nd Ohio 

ELECTRON REFLECTION AND SSCONDARV EMISSION 
CHARACTERISTICS OF SPUTTt r -TEXTURED PYROLYTIC 

QRAPHITS SURFACES 

t&mn 0 Wmtucky Arthur N Curran, and James S Sovey 1SS1 
IS p rata Presented at th* Intern Conf on Met Coating* 
San Francisco 8- 10 Apr 1881 sponsored by AVS 
(NASA TM-S1768 E-S1SI Avail NTIS HC A02/MF A01 CSCL 
1 1D 

Low secondary and reflected pnmary electron amission from 
th* collector ele ct rode surface* * important for optimum collector 
efficiency and hence tor high overall efficiency of microwave 
amplifier tube* used in communication satellite* and m military 
system* ton sputter featuring of th* surface effectively suppree- 
eaa electron emiaaion from pyrolytic graphite which * a promising 
collector electrode material Secondary and reflected primgry 
electron am** ion character*!** of sputter textured pyrolytic 
graphite surface* with mrcroatructura* of vanoua euee and 
danartie* are presented Th* mrcroatructura with tha lowaat 
electron emission level* lees than those of soot conewts of a 
dan** array of tan. thin epire* E D K 


NS1 -24287* National Aeronautics and Spec# Administration 
Low* ReMarch Cantar. Cleveland Ohio 

IN-SITU CROSS UNKINO OF POLYVINYL ALCOHOL 

Patent 

Warren H Philipp L-Chon Heu and Dean W Shaiblay inventor* 
Ito NASA) issued 14 Api 1981 4 p Filed IB Jan 19S0 

Continuation of abandoned US Patent Appl SN971476 filed 
20 Dec 1871 

(NASA Caaa LEW 13136 2 US-Patant-4 282 087 
USPatam-AppI SN-l 13014 U S- Patent -ClaM -429 139 
US Patent Class 429 27 US Petant Class-429 28 
US-Patent-dats 429 249 US Patent ClaM-429 283 
US-Patent CISM 264 104 US Patani-OaM 284-106 
U S Patent Class 525 61 US Pstent Appl SN 97 1475' Avail 
US Patent and Trademark Office CSCL 07C 

A method of producing a crotslinkad polyvinyl alcohol 
structure such a* a battery separator membrane or electrode 
envelop* is described An aqueous solution of a film forming 
potyvrnyl alcohol is admixed with an aldehyde ciotslinking 
agent • basic pH to inhibit croeslmking The croeslinking agent 
parleraofy a dialdehyd* such v glutaraldehyd* * used in an 
amount of from «bou» 1/2 to about 20% of th* theoretical 
amount required to crosslink all of th* hydroxyl group* of th* 
polymer Th* aqueous admixture it formed into a desired physical 
shape such at by catting a sheet of the solution Th* sheet * 
then dried to form a self supporting him Croaalinking * then 
effected by immersing th* Mm in aqueous acid solution The 
resultant product has excellent properties tor um as * battery 
separator 

OffK-ial Gazette of the U S Patent and Trademark Office 


N81 24268*1 National Aeronautics -id Spec* Administration 
Law* ReMarch Center Cleveland Ohio 

THERMAL BARRIER COATING SYSTEM HAVING IM- 
PROVED ADHESION Patent Applic a tion 

R C Bill end J S Sovey inventors Ito NASA I Filed 28 Jan 
1961 7 p 

(NASA Case LEW 13369 1 US latent Appl SN 2292331 Avail 
NTIS HC A02/MF A01 CSCL 11A 

A metallic bond coal on * substrate is primer coated by 
depositing an on sputtaied ceramic Mm A ceramic thermal 
berner coating * then plasma sprayed onto this primer Mm 
Th* sputter deposited primer coating improves th* integrity end 
strength of th* mterfec* between th* piss me sprayed ceramic 
layer end metallic bond coat Improvement of th* integrity of 
th* mterfec* insure* stronger adherence between th* metal and 
the ceramic NASA 
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Nil 27277'| National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

CONTACT ANQLI MEASUREMENTS OF A POLVT "E NVL 
8THBR TO 1*0 C ON M M STEEL 

William R 'ones Jr Jun 1981 18 p refs 

INASA TM 82828 t 831) Avail NTIS HC A02/MF A01 CSCL 

07C 

Contact angle measurements were performed for a polypheny) 
ether on steel in nitrogen A tilling plate and a sessile drop 
apparatus ware used Surface tension was measured with a 
maximum bubble pressure apparatus Cntical surface energies 
of spreading were found to be 30 1 and 31 3 dynes/ cm It was 
concluded that the potyphenyl ether is inherently autophobic and 
will not spread on its own surface Mm Author 


N81 -27278*1 National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 
CROSS-LINKED POLYVINYL ALCOHOL AND METHOO OF 
MAKING SAME Patent Application 

Dean W Sheibtey Lone L Ricker Lj Chen Hsu and Michelle 
A Manro inventors (to NASA) Filed 10 Jun 19S1 14 p 

INASA Case LEW 13504 1 US Patent Appl SN 272234) Avail 
NTIS HC A02/MF A01 CSCL 07C 

A method is described for producing cross linked polyvinyl 
alcohol 'senary separators A film forming polyvinyl alcohol rerm 
is admued in aqueous solution with a dialdehyde cross linking 
agent which is capable of cross linking the polyvinyl alcohol 
ream and a water soluble acid aldehyde The acid aldehyde contains 
a reactive aldehyde group capable of reacting with hydroxyl 
groups in tha polyvinyl alcohol resin end an lonirable acid 
hydrogen atom Tha amount of acid aldehyde is from 1 to 5% 
by weight and is sufficient to reduce the pH of the aqueous 
admixture to 5 or less The admixture is then foimed into a 
desired physical shape such as by casting a sheet or film and 
the shaped material is then heated to simultaneously dry an] 
cross link tha article NAS* 


N81 27282*1 National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 

CORRELATION OF IDEAL ANO ACTUAL SHEAR 
STRENGTHS OF METALS WITH THEIR FRICTION PROPER- 
TIES 

Kaiuhisa Miyoshi and Donald H Buckley Jul 1981 12 p 

refs 

INASA TP 1891 1 7011 Avail NTIS HC A02/MF A01 CSCL 
1 1F 

The relation between the ideal and actual sheai strengths 
and friction properties of clean metals m contact with clean 
diamond boron nitride silicon carbide manganese line ferrite 
and the metals themselves m vacuum is discussed An estimate 
of b.e ideal shear strength for metals is obtained from the shear 
modulus the repeat distance of atoms in the direction of shear 
of the metal and the mtarplana' spacing of the shearing planes 
The coefficient of friction for metals is shown to ba correlated 
with both the ideal and actual shear strength of metals Tha 
higher the strength of the metal the lower the coefficient of 
friction occurs Author 


N81-3189S*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

EFFECT OF YTTRIA ADDITIVES ON PROPERTIES OF 
PRES8URELE8S-BINTERE0 8IUC0N NITRIDE 

Alan Arias Sap 1881 11 p refs 

INASA TP 1899 E-7511 Avail NTIS HC A02/MF A01 CSCL 
11G 

Si3N4 bass ceramics were mads from milled Si3N4 contain 
■ng 111 wt% Si02 and oxide additives by pressureless sintering 
at 1780 C The four point average moduli of rupture wera 460 
518 and 515 MPa at room temperature and 270 256 and 
227 MPa at 1400 C lor compositions with 3 67 7 22 and 
14 C wt% V203 respectively The oxidation resistance of these 
compositions decreased with increasing V203 in the 600 to 
1400 C range and no surface oxide cracking or spalling was 
noted Partial substitution of AI203 for V203 reduced both 
strength and oxidation resistance Author 


N81 -82289*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

EFFECT OF ELECTRONIC STRUCTURE OF THE DIAMOND 
SURFACE ON THE STRENGTH OF YHB DIAMOND MQTAL 
INTERFACE 

Stephen V Pepper 1881 18 p refs Prooosad for piesentation 
at the 28th Natl Symp of the Am Vacuum Soc Anaheim 
Calif 2 8 Nov 1981 

(NASA TM B2714 I 9981 Avail NTIS HC A02/MF A01 CSCL 
11G 

A diamond surface undergoes a transformation m its electronic 
structure by a vacuum anneal at approximately 900 C The polished 
surface has no electronic states m the band gap whereas the 
annealed surface has both occupied and unoccupied states in 
the and gap and exhibits some electrical conductivity The effect 
of this transformation on the strength of the diamond metal 
interface was investigated by measuring the static friction force 
of an atomically dean meta sphere on a diamond Rat m ultrahigh 
vacuum It was found the' low friction (weak bonding! is associ Had 
with the diamond surface devoid of gap states whereas nigh 
friction (strong bonding) is associated with the diamond su fees 
with gap states Exposure uf the annealed surface to excited 
hydrogen also leads to weak bonding The mterfacial bond is 
discussed in terms of interaction of the metal conduction band 
electrons with the band gap states on the diamond surfac* 
Effects of surfcce electrical conductivity on tha mte.'facial bond 
are also be considered A R H 


Nil -81288*1 National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 

RELATIONSHIP RETWEEN THE IDEAL TENSILE STRENGTH 
AND THE FRICTION PROPERTIES OF METALS IN CON- 
TACT WITH NONMETAL8 AND THEMSELVES Final 
Report 

Karuhisa Miyoshi and Donald H Buckley Washington NASA 
Sep 1981 10 p refs 

(NASA TP 1883 E 687) Avail NTIS HC A02/MF A01 CSCL 
1 1H 

The adhesion and friction properties of metals in contact 
with diamond boron nr.nde silicon carbide manganese line 
ferrite and tha metals themselves in vacuum was investigated 
An estimate of the ideal uniaxial tensile was obtained in terms 
of the equilibrium surface energy mterplann spacing of tl'e planes 
perpendicular to the tensile axis and the Young s modulus of 
elasticity The coefficient of friction for metals was found to be 
related to the ideal tensile strength of metals The higher the 
strength of the metal the lower the coefficient of friction A H H 


A81 12630 * Thermal barrier coatings Burner rig hot 

corrosion test results P E Hodge. S Sttcurs, M A Gedwill, I 
Zaplatymky. and S R Levine (NASA. Lewn Rexearch Center. 
C'eveland. Ohio) Journal of Materials tor Energy Systems, vol 1. 
Mar 1590. p 47 58 14 reft Contract No EF A 01 2593 

A Mach 0 3 burner ng text program wax conducted to examine 
the sensitivity of thermal barrier coating to N< and V -contaminated 
combustion gases simulating potential utility gas turbine environ 
menu Coating life of the standard Zr02 12Y203 Ni 16 20 5 6AI 
0 6Y (composition in wt %) NASA thermal barrier coating system 
which was developed for anciaft gas tu b"-ex wax significantly 
'educed in such environmenu Two thermal barrier coaling yxtems 
Ca2S.04 'Ni 16 20 5 6AI 0 6Y and Zr02 8Y203N- 16 40 5 1 Al 
0 15Y and a lets msulative cermet coating system, 50 vol \ MgO 50 
vol \ Ni 19.80 17.1 AI0 97Y/Ni 16 20 5 6AI0 6Y were identified 
ax having much improved corrosion resistance compared to the 
standard coating (Authorl 
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All 15984 * Comp* atm evaluation of insulating pro par 

Hat of plasma sprayed ceramic coatings I Zaplatynsky INASA. 
I rwi Research Center. Cleveland. Ohiol (American Ceremte Soci 
rty. Annual Conterenc a on Composites end Ailvanretl Materials 4th, 
Cocot Beech Fit Jtn 30-24. 19801 Ceramic C ngmeenng tnd 
Sennet Proceedings vo 1 1. no 7 8 (B!. July Aug 1980 p 609 623 
lb rail 

A simple .nethod toi evaluating the tharmal .raulatmQ capability 
of ceramic coatingi was devised It n beted on monitoring tha 
tampaiatura of tha uncoated back turfaca of a thin superalloy ditk 
whila 111 front turfaca. coatad with tha oaramic malarial. .1 exposed 
to tha high tamparalura aovironmant of an alactnc muffta turnaca. 
Tha raiulti obtamad mdica*a that income containing 8 wt% Y203 it 
a battar tharmal intulator than barium nrconate or c.'lcium 
orthosilicati (Authorl 


A81 2252? * « Effect of milling and laaching on tha ttructura 

of tintarad tilicon. H C. Yah (Clavaland Stata Univaility, Clavaland. 
Ohio). T K Glasgow, and T P Harbell (NASA. Lewis Research 
Cantai. Clavaland. Ohiol American Ceramic Snarly A.wxjti Meet 
■ng Chicago. Ill Apr 28 3C. 1980. Paper 13 p. 7 raft. 

Tha affaett ol attntion milling and acid laachingon tha tmtaring 
tiahavioi and tha letultant ttructuret ol two commercial silicon 
powders wara inyattigatrd Sintanng was patloimad in Ha lor 16 
houis at 1700. 12b0,and 1TOOC Compacts o' avreceivrd Si did not 
density dunng tinlanng. Milling reduced tha average paiticla si ir to 
below 0 5 melons and enhanced dansilication II 75 g cc) Laaching 
milled Si fuithai enhanced densiticahon ( 1 90 g/cc max ) and 
decreased structural coarsening. Attar sintanng, tha ttructura of the 
milled and leached powdei compacts appears favorable lot tha 
production ot react 'or. bonded silicon nitride I Autho. I 


A81 28974 * Effact of ZtOJ, MgO and Y203 additions cm 

tha srntcrability of a milled Si3N4 with 14.5 wt% Si02 A Anas 

INASA. Lewis Res .'arch Canter. Cleveland Ohio! Journal ot 
Materials Seance vol 16. Mai 1981. P 787 763 20 rats 

The tintar ability of alpha Si JN4 with 0 5 07 equivalent pai cent 
of Ce02. MgO, or Y703 has been studied in tha temperature ranqa 
1650 1820 C by density measurement- and X ray ditfrartion 
analysis Maximum densities wore obtained m tha ranqa 1 765 1820 C 
and ware 99 3% ol theoretical with 2 5% Ce02 98 5% ot theorttice! 
with 1 24 to 1 87\ MgO. and 99 2\ ot theoretical with 7 5% Y703 
Densities 94% or more ot theoretical value ware obtained with as 
little as 0 67 equivalent per cent additive V L 


A81 32545 • a Fracture toughness of brittle materials deter 
mined with chevron notch specimens J. L. Shannon Jr„ R T. 
Bubsey W S. Pierce (NASA Lawn Research Center. Cleveland, 
Ohio), and D Muni (Karlsruhe, universitxt. Ka.ntorschungtiantrum 
Karlsruhe GmBH, Karlsruhe. Wes' Gar many I Soeittt Francaisr 
Mttellurgie. International Conference on Fracture. 5th, Cannes. 
France, Afar 29 Apr 3. 1981. Paper 15 p 11 rats 

Short bat short rod. and four point bend chevron notch spec, 
mens were used to determine tha plana strain fracture toughness of 
hot-pressed silicon nitride and sintered aluminum oxide brittle 
oeramict. The unique advantages of this specimen type are ID tha 
production of a sharp natural crack during the early stage of last 
loading, so that no precrackmg it require . and (2) tha load pastes 
through a maximum at a constant, material independent crack 
length to width ratio for a specific geometry to that no post test 
crack measurement it required The plana strain fracture toughness it 
proportional to 'he maximum trst oad and functions of tha 
qsecimer. geome.ry snd eiastic compliance Although results ob 
tamed for silicon n.tnde are m good mutual agreement and re'stively 
tree of geometry and t ie effects, aluminum oxide results werr 
affected m both these respects by tha rising crack growth resistance 
curve of the mater ial O.C. 


A81 33869 * Effect of su batiste surface ft rush on 9se 

lubrication and failure mechanism i of molybdenum disulfide films 

R L Fusaro (NASA. Lewis Research Center. Cleveland. Oh ml 
American Society ot Lubrication Fngmeert Annuel Meeting 36th. 
Pittsburgh. Pa May It 14 1981 Preprint 61 AM 50 I 12 p. 17 
refs, 

An optical microscope was used to study the lubrication and 
failure mechanisms of rubbed (burnished) MoS2 films mplied to 
three substrate surface finidiet polished, sanded, and sand bias Seri 
as a function of sliding Pittance The lubrication mechanism was the 
plastic flow of thm films of MoS2 between flat plateaus on the rider 
anu on the metallic subtlis** If the subat>ate was rough, flat 
l lateaut were created during 'run in' and the MoS2 flowed across 
them. Wear life was extended by increasing surface roughness since 
valleys in the roughened substrate served at reservoirs for MoS2 and a 
deposit site for wea. debris In moist au the tailure mechanism was 
the transformation of metallic-colored MoS7 films to a black, 
powitery material that was found by X-ray diffraction to consist 
primarily o( alpha non and Mo03 powders lit dry argon, the failure 
mechanism was the gradual depletion of the MoS2 film from the 
contact region by transverse jw Analysis of the wea' debris on the 
weat track at tailure showei d consisted mainly of alpha iron and 
some residual MoS2 No molybdenum oxides were found. (Author) 


A81 33860 * Dynamics of solid dispersion* in oil during the 

lubrication of point contacts I • Graphite C Cusano (Illinois. 
University. Urtsana. III.) and H E Slinry (NASA Lewis Research 
Center. Cleveland. Ohio) American Society ot lubrication Engi 
neen. Annual Meeting. 36th Pittsburi/h Pa May It 14 1981 
Prepnn' 81 AM 50 3 7 p 10 refs 

A Hertzian contact is lubricated with dispersed graphite ir. 
mineral oils under boundary lubrication conditions The contacts are 
optically observed undei pure rolling, combined rolling and sliding 
and purr sliding conditions The contact is formed with a steel bal 
on the flat surface of a glass disk Under pure rolling and combined 
rolling and sliding conditions, d is found that, for low speeds, a 
graphite film can toim which will separate the contacting surfaces In 
cont ast. under pure sliding conditions, graphite accumulates at the 
inlet and sw ept arouno the CvC.Lact. but very little of graphite passes 
through the contact Tne accumulated graphite appears to act at a 
barrier which reduce., the supply ot oil available to the contact for 
boundary lubncai.on Friction data shew no clear short-term 
henef-cial or detrimental effect caused by addition of giaphitc to the 
base oil However, during pure sliding, more abrasion occurs on the 
polished balls lubricated with the dispersion than on those lubrx_eted 
with the bate oil alone (Av" ir) 


A81 35046 * The pne'etion and morphology of tingle 

crystal Silicon carbide sneer particles under adhesive conditions K 

Miyoshi and 0 H Buckley (NASA. Lewis Rrsearch Center, 
Cleveland. Ohio) I Veer, vol 67. Apr 1. 1*81, p. 303 319 22 refs 
Sliding friction experiments were performed in vacuum at room 
temperature on a plane type SiC surface in contact w.fh iron-baaed 
binary alloys Multianguler snd sphe-.cal wear particles were found 
to form as a result of multipass sliding The multianguier particles 
were produced by primary and seconoary cracking of the 0001. 
I0( ) 10. and 11(120 plane typu cleavage planet under the Hertzian 
Stress field oi local mel jt.e deformation zone When alloy surfaces 
ve in contact with silicon carbide under a luad of 0 7 N. the alloy 
pound the contact area is subtected to stresses that are elute to the 
elastic limit in the elastic deformation region and or exceed it It wet 
also found that spherical wea' particles may be produced by two 
nrchanitmt a penny shaped fracture along the circular stress 
tiatectones unrjri the local .nelattic deformation zone, and the 
attrition and fatigue of wear part iclet E B 
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AS1 38006 * • Electron reflection and taconrlary amenon 
characteni.icx of tputtar textured pyrolytic graphite lurfacet E G 

WiMtucky, A. N Curran, and J, S Soxey (NASA. Lawn Rnaarch 
Crn'ti . Cleveland OHI Amman Vacuum Socie.y, Intarnahona I 
Conference o. > Metallun/u al Coating* San f rancntco. CA. Apt. 6 10. 
1981 Papat 16 p 7 raft. 

Mesturrmenti arr nrexemed of tecondary alactron emittion and 
raftacted primary elecfon characttntbct of tputtar-taxturad pyro 
lit >c graphite tur facet with microtlr ucluret of yarioui u/et and 
dentitm. made with an Auger cylindrical mirror analyrar in a 
high-vacuum chamber at pretturet balow 1.33 > 10 to the 7th Ntq 
m (10 to the 9th torrl A denae. tall. thin, cpira like microttructur*. 
obtained at ion energtet of 1000 aV and ion currant dentitm of 6 
mAtq cm. it the mod effective. The tecondary electron emnuon 
from iu<*i a tuiface i lower than that of loot, whole tecondary 
emnuon it among the lowett of any material At a primary electron 
energy of 1000 eV. the tecondary electron emitt.on yield of tmootli 
CU it ibmt 350^ greater than the lowett value obtained lor 
tputter-tentured pyrolitic qraphite The raftacted primary alactron 
index of tmooth Co it a factor of 80 greater If the tecondary 
electron emittion yield it reduced to 0.3. which it putuble with 
•putter-textured pyrolitic giaph'te. the traveling wave tube collector 
efficiency could be improved by at much at 4% over that for tmooth 
copper. K.S. 


All 42074 * Ortaolutun of bulk epeciment of tilrcon ni 

trrda W F Davit and E J Merkle (NASA. Lewit Retearch Canter. 
Clavalaod. OHI Analytical Cnemittry June 1981. p 1139 

An accurate chemical characterisation of tilicon nitride hat 
become important in connection with currant afforti to incorporate 
components of this mater wl into advanced neat engines However, 
there te problems concerning a chemical analysis of bulk silicon 
nitride Current analytical methods require the pulven/ation of bulk 
specimens A pulverisation procedure making use of gr-nding media 
on the other hand, will introduce contaminants A description it 
given of a dissolution procedure which ever come- these difficulties 
It hat heen found that up to at least 0 6 g solid pieces of various 
samples o' hot pressed and reaction bonded silicon nitride can be 
decomposed in a mixture of 3 mL hydrofluoric acid and 1 mL nitric 
acid overniqht at 150 C in a Parr bomb High purity tilicon nitride it 
completely soluble in nitric acid a*tei treatment in the bomb 
Following decomposition, silicon end hydrofluoric acid are volatil 
ised an 1 insoluble flsroridet air converted to a soluble form O R 


A8 144658 * a Prolonging thermal barrier coated specimen 
life by thermal cycle management R. C Mendnr* G McDonald 
INASA. lewis RemjrJi Center, Cleveland. OHI, and is. P Poolot 
(Harvard Umvertrty. Cambridge, MAI American Vacuum Society 
International Conference on Metallurgical Coatmgi. San Prana ten, 
CA. Apr 6 10. 1981 Paper 10 p 17 reft 

Thermal hm-tr coalings applied so the heated side of eng.ne 
cumponentt such at teals combustor, and bikdes of a gas turbine 
offer a potent. a 1 increase m efficiency thipugh the ur o* highei gas 
temperatures or lest cooling an or benefits anting from extended 
component life by reducing component metal temperatures The 
considered mvev,.gation has the Obiechve to show that while a 
thermal barrirr coatad |TBC> sprcimen can be brought to a lived 
temper. Pure using various fuel an ratio (F Al values, lowei calculated 
ts.estet arj assoc- sted with lower (F A| values This implies ttiet 
control of (F'AI values b e . ietr- of heet ntutl during the starting 
transient and to a teste* extent during shutdown and operation, 
offers a potential method of improving TflC I tetimr through theimai 
cycle management G R 


NCI 10199*1 UHratystemt Inc Irvine Calif 

PHORPHAZENf DIAMINit Contractor Report Jun 197* 
Ap- IMO 

K l Pacio*ek 0 H Hama T I !to jnd R H Kiat/e' Oct 
1980 61 p reft 
-Connect NAS3 2201*1 

NA&A C* 165147 SN 8342 Fl Avail NTIS 


HC A04/MF A01 CbCl 110 

Tha synthesis of a specific phoaphe/ene dremine wet 
optimued other phosphorus containing diamines were prepared 
end then effect upon certain characteristics of epoay resmt 
prepared via reaction with MV 720 in pedicular char yield at 
elevated temperature* we* evaluated The »ynthe*r* of the 
phoapharene diamine r eluding from the interaction of mtthylen.r 
dianlint with 4 4 braldrphenylphoaphinorbiphanyl w*' aimplitied 
into a on* step process giving 77 percant yield of the pur* 
product Using this procedure a ralated diamine containing 
bisidiphenylphospninolmethane was obtained in a 70 percent 
yield Preparation of anothsr class of phosphorus containing amines 
based upon p amrnophenyldrphenyl phosphine was unsuccessful 
the inability to producs p smrnophenytitNum was responsible 
for this railura Sevan epoxy reams amployrng Arakfrta MY 720 
draminodiphenytaulfone and twj of the phosphorus containing 
diamine* ware prepared char acte'md end their char ye'd 
capacity at elevated temperature* assessed Baaed or those 
investigations the resin* containing phosphorus appear to exhibit 
significantly better cher formation character-stics then material* 
haroenad using conventional amine* without impairing the other 
properties measured RFC 


N81- 14082*# General Electric Co Philadelphia Pa Advanced 
Energy Programs Dept 

IMPROVED CERAMIC HEAT EXCHAN0ER MATERIAL! 
Final Report 

Harry W Rauch Dec 1980 39 p 
iContracts NAS3 1969P EC 77 A 31 1011 
DE AI0177CS 610401 

INASA CP. 159678 DOE/ NASA/ 9698 21 Avail NTIS 
HC A03/MF A01 CSCl 07C 

The development and evaluation of materials for potential 
application as heat exchanger structures in automotive g*r* turbine 
engines is discussed last specimens in the form of small 
monolithic bars war* evaluated lor thermal expansion and 
dimensional stability before and after exposure to ms salt and 
sulfuric acid followed by short and long term cycling al 
temperatures up to 1200 C Th# material finally selected GE 7806 
consuls ol Ihs oxides 2r02 MgO AI203 SI 02 and is described 
genetically as ZrMAS Th* original version was based on a 
commercially available cordient* iMASl frit However a rlay/talc 
mixture was demonstrated to be • satisfactory very low coal 
source ol I he cordrent* iMASl phase Several lull sue honeycomb 
regenerator cores about 10 2 cm thick ana 56 cm diameter 
war* fabricated Iron, both th* hit and mineral versons of GE 7808 
Th* -Hjneycomb call* m these cores had rectangular dimensions 
of about 0 5 mm x 2 5 mm and a wall llitcknes* of approximately 
0 2 mm Tire teal data show that GE 7808 is significantly mors 
stable al 1 1 00 C in th* presence of sodium then the aluminosilicate 
reference materials In addition thermal exposure up to 1 100 C. 
with and without sodium present results in essentially no change 
in thermal axoanaron of fif -7806 M G 


SMI 17263*f Acurex Corp Mountain Vow CgM Aerotherm 
Dm 

•VNTHESsa OF IMPROVED PHENOLIC AMO POL VERIER 
RERIHS FM Repen 

C 8 Delano 27 Sep 1880 78 p ref* 
l Contract NASS 22025) 

INASA CR 165180 FR 80 42/ASI Ayad NTIS 

HC A06/MF A01 CSCL 07C 

Thirty seven cured phenohe ream composition* were prepared 
and tested lor thaw abdrty to provide improved char residues 
and moisture rearat ance over arete of th* art epoxy ream composite 
metric** Cyanple apoxy novoiec erd wnyf eat*' rea m s erere 
mveaugated Cher promoter additive* aver* found te v y reeae 
the anaerobic char yretd at 800 C of apoey novoteca enu vmyf 
aster* Moisture resistant cyan*!* and vevyt eater composition* 
were wveengete d as composite met nee* with Thomel 300 graphite 
hber A cyanete compoad* matrix prpvxded state of the art 
composite mechanical properties before and after humidity 
exposure and an anaerobic cher yield of 46 percent at 800 C 
Th* outstanding moisture reaastancs of th# mains teas not 
completely realized m the composite Vinyl aster reams showed 
promise es candidate* lor improved composite matrix system* 

Author 
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28 propellants and fuels 

Includes rocket propellants igniters end oxidizers 
storege end hendlmg end aircraft fuels 

For related mtm matron see elso 07 Aircraft Propulsion 
and Power 20 Spacecraft Propulsion and Power, end 
44 Energy Production end Conversion 


N81-14103* National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

ATOMIC HYDROGEN STORAGE METHOD AND AP- 
PARATUS Patent 

John A Woollam inventor (to NASA! Issued J1 Oct 1980 
4 p Filed 6 Feb 1979 Supersedes N79 18455 (17 09 p 11571 
Division of US Patent Appl SN 837794 filed 29 Sep 1377. 
US Patent-4.193 827. which is a division of US Patent Appl 
SN 676432 tiled 13 Apr 1976 US Patent 4 077 788 
INASA Case LEW 12081 3 US Patent 4 229 196 
US Patent 4 193 827 US Patent 4 077 788 
U S Patent Appl SN 00988 7 US Patent Appl SN 83 7 794 
US Patent Appl SN 676432 US Patent Class-62 40 
US Patent Class 62 47. US-Patent Class 62 18 
U S- Patent Class-62 - 12 U S Patent Oass- 55 2 
US Patent Class 423 648 R US Patent Oass 156 344 
US Patent Oass 149-1. US Patent Class-44 7RI Ava'I US 
Patent and Trademark Office CSCL 210 

Atomic hydrogen for use as a fuel or as an explcr-rve is 
stored in the presence of a strong magnetic field in exfoliated 
layered compounds such as molybdenum disulfide or an elemental 
laye> material such as graphite The compounds maintained at 
liquid helium temperatures and the atomic hydrogen is collected 
on the surfaces of the layered compound which are exposed 
during defamination (exfoliation) The stiong magnetic field and 
the low temperature combine to prevent the atoms of hydrogen 
from recombining to form molecules 

Official Gazette of the U S Patent and Trademark Office 


NB1-242M*f National Aaronautica and Spaca Administration 
Lawis "i aarch Center Cleveland Ohio 

EFFECT OF HYDROPROCE r > >G SEVERITY ON CHARAC- 
TERISTICS OF JET FUF T-*VM OSCO 2 AND FARAHO 
DISTILLATES 

George M Prok. Francisco J Floras and Gary T Sang Jun 
1981 20 p refs 

(NASA TP 1768 E-617) Aval NTIS HC A02/MF A01 CSCL 
21D 

Jot A boiling range fuels and broad-property research fuels 
ware produced by hydroprocessing shale oil distillates, and their 
properties wars measured to characterize the fuels ihe distillates 
ware the fraction of whole shale oil boiling below 343 C from 
TOSCO 2 and Paraho syncrudes The TOSCO 2 was hydropro- 
cessed at medium seventy and the Paraho was hydroprocassed 
at high, medium, and low seventies Fuels moating Jet A 
requirements except for the freezing point were produced from 
the medium severity TOSCO 2 and the high severity Paraho 
Target properties of a broad property research fuel ware met by 
the medium severity TOSCO 2 and the high severity Paraho 
except for the freezing point and a high hydrogen content Medium 
and low seventy Paraho iet fuels did not meet thermal stability 
and freezing point requirements E 0 K 


N8 1-26232* # National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 
AVIATION TURR'NE FUEL PROPERTIES AND THEIR 
TRENDS 

Robert Friedman 1SS1 27 p refs Proposed fo. presentation 
at the West Coast Intern Masting. Saatih. 3-8 Aug 1981 
sponsored by tie Socety of Automotive Engineers 
INASA-TM-82003 E 85 1 1 Avail NTIS HC A03/MF A01 CSCL 
210 

Fuel property values and then trends were studied through 
a review of a recognized wide ranging sample population from 
actual fuel inspection data A total ol 878 fuel samples of Jet 
A aviation <urbme fuel were compiled over an eleven year 


period Results indicate that most fuel samples have one to 
three naar-specification properties the most common being 
aromatics, smoke point, and freezing point R C.T 


NS1 26244*| National Aeronautics and Spaca Administration 

Lewis Research Center Cleveland Ohio 

PERFORMANCE TESTS OF A GAS BUNDING SYSTEM 

■ABED ON MASS-FLOW CONTROLURB 

Albert Evans Jr Aug 1981 16 p refs 

(NASA TP 1896 E 629) Avail NTIS HC A01 CSCL 

21D 

The system provides many of the gas mixtures required Kit 
calibrating analytical instruments used in engine sxhaust gas 
analysis and is capable of blending from one to four additive 
gases with either of two carrier gases in concentrations from 
20 ppm to 50% Twc mixtures can be flowing simultaneouely 
Performance tests were n.ade to determine the stability accuracy 
of the system while it was in limited use for a period of 
2 years The accuracy of the blander was measured by compenng 
binary mixtures from the blender with National Bureau of 
Standards standard reference materials Analytical instruments 
were used to make these comparisons The expected accuracy 
of 2% was obtained in some of the tests, by the maionty snowed 
a systematic biAs of -5% Although these tests revealed subtle 
instabilities in the flow controllers that contributed to the random 
scatter of data, the accuracy of wet test meters and bubble 
flowmeters used for calibration is marginal for this purpose A 
simple procedure is recommended that should enable the full 
potential of the system to be realized E D K 


N81-31380*i|i National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

INFRARED SPECTROSCOPY FOR THE DETERMINATION 
OF HYDROCARBON TYPES IN JET FUELS 

Constance S Buchar Aug 1981 10 p refs 
(NASA-TM-82674 E 957) Avail NTIS HC A02/MF A01 CSCL 
21D 

The concentration of hydrocarbon types in conventional iet 
fuels and synfuels can be measured using a computerized infrared 
spectrophotometer The computerized spectrophotometer is 
calibrated using a fuel of known aromatic and olefinic content 
Once calibration is completed, other fuels can be rapidly analyzed 
using an analytical program built into tha computer The 
concentration of saturates can be calculated as 100 r ercent 
minus the sum of the aromatic and olefinic concentrations The 
analysis of a number of iet fuels produced an average star rd 
deviation of 1 76 percent for aromatic type, and ont of 
3 99 percent for olefinic types Other substances such as Is 
and organic mixtures can be analyzed lur then hydrocarbjn 
content Author 


A81-11G12 * Advanced fuel system technology for utilizing 

broadened property aircraft fuels. G. M Reck (NASA Lew.i 
Research Cinter, Cleveland. Ohio). In: International Council ot the 
Aeronautical Sciences. Congress. 12th. Munich, West Germany. 
October 12 17, 1980. Proceedings. (A81 1 1601 02-01 ) New York. 
American Institute of Aeronautics and Astronautics. Inc. 1980. p 
129 143. 28 refs. 

Fact.... which will determine the future supply and cost o( 
aviation turbine fuels are discussed. The most significant fuel 
properties ot volatility, fluidity, composition, and thermal stability 
aie discussed along with the boiling ranges of gasoline, naphtha iet 
fuels, kerosene, and diesel o Test; were made to Simulate the low 
temperature of an aircraft fuel tank to determine fuel tank 
temperatures tor a 9100km fli(pu with and without fuel heating the 
effec - of N content in oil shale derived fuels on the Jet Fuel Thermal 
Oxidation Tester breakpoint temperature was measured Finally, 
compatibility of non-metall.c gaskets, sealants, and coatings with 
increased aromatic content iet fuels was examined A.T. 
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AS 1 300S6 * » Evaluation ol concepts lor controlling rvnauit 
•mi' “nM from minimally processed petroleum and synther.c fuels 

c L Russell. G W Beal (United Technologies Corp , Government 
Products Div.. West Palm Beach, Fla I RA Seder quist (Uniterl 
Technologies Corp , Pow*- Systems Div , South Windtoi. Conn ), ami 
0 Shultz (NASA, Lewis Research Center Cleveland. Ohio) 4rneri 
cart Society of Meehamctl Engineers Gas Turbine Conference anti 
Products Show Houston Ter Met 9 12 1981 Patter 81 GT 1 5/ 8 
P Members, S? 00 nonmembers. $4 00 Reseaich suppoited by the 
U S Department ol Energy and NASA 

Rich lean co minis u concepts designed to enhance neb combus 
tion chemistiy and inci 'ase combustor flexibility foi NOIxl i educ- 
tion with minimally processed luels ate examined Processes such as 
rich product recirculation in the rich chambei. rich lean annihilation 
and giaduated an addition oi staged rich ombustion to release 
bound nitrogen in steps ol leduced equivalence ratio aie discussed 
Venations to the baseline rapid quench section aie considered, and 
the effect of residence time in the nch zone is investigated The 
feasibility of using uncooled non metallic materials lot the nch zone 
combustion construction is also addressed The preliminary results 
indicate that nch pnmaiy zone staqed combustion provides environ 
mentally acceptable operation with residual and or synthetic coal 
derived liquid fuels L S 


A81 44661 * » Safety mesegemant of complex research oper 

atiom W J Brown (NASA. Lewis Research Cental. Cleveland, OH| 
American Nuclear Society International System Safety Conference 
5th Denver CO. July 26 3 1 . 1981 Paper 18 p 

Complex research and technology operations piesent many 
varied potential hazards whicn must be addressed in a disciplined 
independent safety review and approval process The research and 
technology effort at the Lewis Reseaich Center is divided into 
programmatic areas of aeronautics, space and energy Potential 
hazards vary from high energy fuels to hydrocarbon fuels, high 
pressure systems to high voltage systems, toxic chemicals to 
radioactive materials and high speed rotating machinery to high 
powered lasers A Safety Permit System presently covers about 600 
potentially hazardous operations The Safety Management Piogram 
described in this paper is believed to be a maior factor if maintaining 
an excellent safety lecord at the Lewis Reseaich Center (Author) 


N81 12266*1 United Technologies Corp Last Hartford Conn 

EXPERIMENTAL STUDY OF THE STABILITY OF AIRCRAFT 

FUELS AT ELEVATED TEMPERATURES 

Alexander Vrartos and Pierre J Marteney Dec 1980 31 p 

ref* 

(Contract NAS3 215931 

(NASA CR 165165 R80 954440 171 Avail NTIS 

HC A03/MF A01 CSCL 2 ID 

An experiment* 1 .rudy of fuel stability was conducted in an 
apparatus which simulated an aircraft gas turbine fuel system 
Two fuels were tested Jet A and Number 2 Home Heating oil 
Jet A is an aircraft gas turbine luel currently in wide use No 
2f’H was selected to represent the properties of future turbine 
fuels particularly experimental Reference Broed Specification 
which under NASA sponsorship was considered as a possible 
nea* ->eneration fuel Tests were conducted with varying fuel flow 
rat> delivery pressures and fuel pretreatments (including 
preheating and deoxygenationl Simulator wall temperatures were 
varied between 422K and 672K at fuel flows of 0 022 to 
0 22 Kg/ sec CoXing rate was determined at four equally spaced 
locations along the length of the simulator Fuel samples were 
collected for infrared analysis The dependence of coking rate in 
Jet A may be correlated with surface temperature via an activation 
energy of 9 to 10 kcab mol* although the results indicate that 
both bulk fluid and su’face temperature affect the rate of 
decomposition As a consequence flow >ate which controls bulk 
temperature must also be considered Taken together these 
results suggest that the decomposition icactions aie initiated on 
the surface and continue in p e bulk fluid The coking rate data 
tor No 2 HH oil are very highly temperature dependent above 
approximately 533K This suggests that bulk phase reactions 
can become controlling in the formation of coke Author 


NB1-1BS1S*f Pratt and Whitney Aircraft Group. Eaat Hartford 
Conn Commercial Products Dtv 

*\N ASSESSMENT OF THE USE OF PNTTMIST1NQ FURL 
•)« TURBOFAN ENGINES Final R a pa rt. Sap. 1S7S - We*. 

TSSB 

A Ftorontmo. R Da Sam and T From Nov 1SS0 146 p 
raft 

(Contract NAS3 22045) 

(NASA CR T 6625S PWA 6697-29) Avail NTIS 

HC A07/MF A01 CSCL 210 

The effects of anbmtstm; kerosene on the performance of 
the component* from the fuel system and the combustor of a 
JTS0 aircraft angina wars evaluated The problem* associated 
with antimpting kerosene wore identified and tha extant of 
Sheering or degradation required to aNow th* engine component* 
to achieve satisfactory operation were determined Tha perfor- 
mance of th* combustor was assessed in a high pressure facSity 
and m an attitude relight/ cold ignition facility Th* performance 
of th* fuel pump and control system waa evaluated m an open 
loop simulation R C T 


N8121213*! Beech Aircraft Corp Boulder Colo 

CONCEPTUAL DESIGN OF AN IN-SPACE CRYOGENIC 
FLUID MANAGEMENT FACILITY 

G S Widen 0 H Riemer and D C Hustvedt Apr 19B1 
229 p refs 

IContract NAS3 22260) 

(NASA CR 165279 BAC-ER 14967) Avail NTIS 

HC Atl/MF A01 CSCL 21 H 

The conceptual design of a Spaceiab experiment to develop 
th* technology associated with low gravity propellant management 
is presented Th* proposed facility consisting of a supply tank 
receiver tank, pressurization system, instrumentation and 
supporting hardware w described Tha experimental obtectrves 
th* receiver tank to be modeled and constraints imposed on 
th* design by th* space shuttle Spaceiab and scaling require- 
"rents are described Th* conceptual design including th* general 
configurations flow schematics insulation systems instrumenta- 
tion requirements and internal tank configurations for th* supply 
tank and th* receiver tank, is described Thermal structural fluid 
and safety and reliability aspects of the facility ar* analyzed 
Tha facility development plan including schedule and cost 
estimates for the facility is presented A program work breakdown 
structure and master progiam schedule for a seven year program 
si* included J 0 H 
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31 ENGINEERING (GENERAL) 

Includes vacuum technology control angmaanng 
display angmaanng and cryogenics 


MSI -1017*1 National Aaronautica and Space Admmianation 
lawn Reeeeich Cantai Oavatand Ohio 

TEXTURING POLYMER BURFACE6 BY TRANBMR CART- 
INO Nmm ArrBrrBrw 

Blue a A Banka Alban J Waigand and Jamaa S Sovay inversion 
Ito NASA) Filad IB Dae 1M0 7 p 

INASA Caaa LEW-13120 1 US Patent Appl SN 2 1BS67) Avail 
NT;S HC A02/MF A01 CSCL 13H 

A surface ot a fluorocarbon potymai it atpoaad to a baam 
ol iont from a aourca tj tenure it Tha potymai which ie to be 
surface toughened ta than caat over tha tenured turtaca of tha 
fluorocarbon potymar After curing the caat potymai ie paatad 
off tha tenured fluorocarbon potymai and tha paatad off turtaca 
hat a negative replica of tha ta*i irad turfaca Tha microacopK 
turtaca tenure providat large turtaca « at for adhativa bonding 
In cardiovatcular proathaait applicationt tha turfacet are relied 
on for tha development of a thin adnarent wall nounthed 
thrombus NASA 


N6V1632B*f National Aaronautict and Spaca Administration 
Lewis Research Canter Cleveland Ohio 

MiCMANICAL BONDING OF MCTAL Patent Application 
Bruce A Banks inventor (to NASA) Filed 26 Nov 1980 B p 
INASA Cate LEW 1294 1 1 US Patent Appl SN 210632) Avail 
NTIS HC A02/MF A01 CSCL 13H 

Tha metal surfaces of tha structures that are to be bonded 
are eapoeed to an ron beam topethei with a target of low sputtering 
yield material This material deposits on tha surfaces and creates 
sitae of sputter resistance which evolve into peaks of a conelike 
surface microstructure The featured metal surfaces are arranged 
in face to face relationship and compressed together with plastic 
deformation which mechanically interlocks tha cons A large 
interface area is produced which mini mires thermal and electrical 
losses Also no electrical power or heat is required during metal 
lommg The process can be performed in art he- an or vacuum 

NASA 


N91 29293*# National Aeronautics and Spaca Administration 
Lewis Heseaich Canter Cleveland Ohio 

BAFITV MANAGEMENT OF COMPLEX REBEARCN 
OPERATORS 

William J Brown 30 Jul 1981 20 p rats Proposed for 

presentation at the 5th Intern System Safety Conf Denver 
30 Jul 1981 

INASA TM 81772 E 8321 Avail NTIS HC A02/MF A01 CSCL 
13L 

Compter research and technology operations present varied 
potential hazards which are addressed in a disciplined independent 
safety review and approval process Potential hazards vary from 
high energy fuels to hydrocarbon fuels high pressure systems 
tr high voltage systems fotic chemicals to radioactive materials 
and high speed rotating machinery to high powered lasers A 
Safety Permit System presently covers sboul 600 potentially 
hazardous operations The Safety Management Program described 
is believed to be a maior factor m maintaining an aacelleni 
safety record S F 


A8 1 27148 ’ • Global calibration of terrestrial reference cells 

and errors involved in using different irtediance monitoring tech 

tuques H B Cintit INASA Lewis Research Cente- Cleveland 
Ohiol In Photovoltaic Specialists Conference, 14th San D-esr 
Cald January 7 10 1980, Conference Record t AS 1 27076 1 1 441 
New York Institute of Electrical and Electronics Engineers Inc 
I960 p 500 505 7 refs 


A81 18867 * a Some limitations in applying classical EHD 
film thickness formulae to a hr^s speed bearing J J Coy IU S 

Army, Piopotsion Laboratory Cleveland. Ohiol and E V 2aretsky 
INASA. Lewis Research Center Cleveland. Ohio) Amemarr Society 
of Veifianvai t ngineeo arid American So. -eh of Lubrication 
Engineers Ctntury 2 f/ifernafioria/ Luhrustion Corifereme San 
Francisco Ca/.f 4rzii 18 21 1980 ASMt Parser 80 C2 Lub 13 7p 
28 rets Members, SI 50 nonmembers $3 00 

Elastohydrodynamic film thickness was measuiest lor a 20 mm 
hell bearing using the capacitanoe technique The heating was thrust 
toasted to 90 448 and 7 78 N ) he corresponding mammum stresses 
ms the inner race were I 28 2 09. and 2 45 GPa Test speech i-smyrd 
from 400 to 14.000 rpm Film thickness measurements were laken 
with toui ditteient lubi -cants (a) synthetic paiattimc. lb) synthetic 
paiaftinic with additives (cl nenprntylpislyol Itetia) estei meeting 
MIL L 23699A specifications, and (ill synthetic cycloaliphatic 
hydt sscai bon traction tluid The test beanng was mist lubricated 
Test temperatures weie 300. 338 and 393 K The measuied results 
were cumpaied to theoietical piedictions using the toimulas ol 
Gisrbin. Aichaist and Cowkmg Duwson and Higgmson. and Hamiock 
and D.swson There was good agreement with theuiy at low 
dimen ••• ess speed, but the film was muds smallei than theoiy 
predicts at higfset speeds This was due to k-isematic staivation and 
inlet sheai heating effects (Author I 
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32 COMMUNICATIONS 

'ncludes land and global communication! commumca 
lions thaoiy and optical communication! 

For 'elated information see also 04 Aircraft Commumca 
lions and Navigation and 17 Spacecraft Communications 
Command and Tracking 


NCI 10239*# National Aaionautics and Spaca Arimimstiation 
Laws Reseaich Cental Cleveland Ohio 

AN ECONOMIC* SYSTEMS ANALYSIS OF LAND MOBILE 
RADIO TELEPHONE SERVICES 

B E Leroy and S M Stevenson 13 Nov 1980 IS p >ets 
Presented at INTELCOM 80/ Los Angeles Coni Los Angeles 
10 13 Nov 1900 

INASA TM 81476 E 6891 Avail NTIS MC A02/MF A01 CSCL 
178 

The economic mteiaction ol the tenestnal and satellite 
systems is consideied Paiametnc equations aie loimulated to 
allow asammation ot necessary usei thiesholds and growth 'ate > 
as a lunction ol system costs Conversely lust oidei allowable 
systems costs aie lound as a lunction ol user thiesholds and 
growth tales T’ansitions between satellite and terrestrial service 
systems aie examined User giowth late density luser/yeai/sq 
km I IS shown to be a key paiameter in the analysis ol systems 
compatibility The concept ol system design matching the 
pnca,/ demand curves is mtioduced and esamples aie given The 
lole ol satellite systems is critically examined and the economic 
conditions necessary loi the introduction ol satellite service are 
identilied Author 


NS1 10240*# National Aaionautics and Spaca Administration 
Lewis Research Cental Cleveland Ohio 

EXPERIMENTAL INVESTIGATION OF INTERMOOULATION 
EFFECTS AND RELATED EFFICIENCIES ASSOCIATED 
WITH TWO AND THREE SIGNAL OPERATION OF A 
TRAVELING WAVE TUBE 

Thomas A Fox Oct 1980 30 p lets 

INASA TM 81576 E 6461 Avail NTIS MC A03/MF A01 CSCL 
17B 

An expenmental investigation ol multiple signal operations 
using an octave bandwidth traveling wave tube ITWT) was 
conducted in ordei to approximate the behavioi ol a TWT being 
developed loi multichannel digital communication Test results 
include the inter modulation eltects as well as cullectoi and overall 
elliciencies associated with two and three discrete signal 
operations Data are presented toi operations that cover 
approximately a 4 dB lange m combined signal output powei 
up to the maximum RF power achievable in each case IFor 
multiple signal operation the term maximum powei is moie 
appropriate than salutation! The powei associated with inteimod 
ulation products was very small at opeiating levels 4 dB tielow 
maximum powei but it appioachad 15 percent ol the total 
combined output at maximum powei loi the two signal case 
and 20 peicent loi the thiee signal case The maximum RF 
output powers in the multiple signal cases wets 20 to 25 peicent 
lower than the satuiated output level lor any ol the signals 
inserted individually In general both the collerroi ia live stage 
depiessed collector was used) and oveiell tube ethciencies were 
adversely attected during multiple signal opeiation in a manner 
•elated to the powei levels involved At 4 dB below maximum 
where the intei modulation ellerts weie small it was possible to 
achieve collector and oveiall elliciencies with multiple signals 
that aie comparable to single signal elliciencies This change' 
giadually until at maximum RF output the collector elliciencies 
weie several percentage points less and the oveiall etticiency 
as much as 10 peicentage points less la change ol 25 peicentl 
than single frequency values The laige overall efliciencv loss is 
partially due to the loss in collectoi etticiency but largely dua to 
the loss in usable RF powei that is associated with the 
mlermodulation powei The thiee signal tests were always the 
more seveiely sheeted Author 


NS1 10241*| National Aaionautics and Space Administration 

Lewis Reseaich Center Cleveland Ohio 

SATELLITES USING THE 30/20 GHt BAND 

Joseph N Sivo 1980 16 p To be presented at the 1980 

Natl Telecommunications Coni Houston Texas 30 Nov 

4 Dec Sponsored by IEEE 

INASA TM 81800 E 586) Avail NTIS HC A02/MF A01 CSCL 
178 

A review ol the future options open to satellite system planners 
focuses attention on the use ol the 30/20 GHt band Vary 
broad bandwidth! available coupled with a primary allocation 
foi fixed satellite service make the band very attractive NASA 
in concert with the system and servica supplier industries is 
planning a research and development program aimed at flight 
demonstration ol 30/20 satatlite systems which it is hoped will 
lead to opeiational system use in the early 1990s The 
communication system concepts and the spaceciafl systems 
necessary to support these lot operational use in 1990 end 
beyond are discussed Authoi 


A81 21911 * 0 Carrier ■ Interfere..; *. *- tor frequency 
during between satellite systems transmitting Iraq-viscy modulated 
and digital television signals. S P Baines (NASA, Lewis Research 
Center. Cleveland. Ohiol In NTC ' 79. National Telecommunications 
Conterenoe. Washington. D C . Novembei 27 29. 1979, Conteience 
Record Volume 3. IA81 21831 08 321 Piscataway. N.J.. Institute of 
Electrical and Electronics Engineers. Inc., 1979. p 57 5 1-57 5 6 
As the data rates requited lor digitally encoded television are 
■ educed, satellite systems employing the transmission of digitally 
encoded television will become attractive It is likely that television 
transmitted in this format will be adiacent to or in the same 
frequency band as television tiansmissions in other modulation 
formats, so a knowledge of carnet to interference powei ratios as a 
function ot assessed pictuie quality will be required for frequency 
sharing between these different modulation formats This papet 
presents the lesults of subtective and quantitative tests describing the 
'rsults ol inteiteienar to a particular digital television system Irom a 
frequency modulated (FMI television system, and loi interference to 
an FM television system from a digital television system (Author) 


A81 22528 * An economic systems analysis of land mobile 

radio telephone services. B (. LeRoy and S M Stevenson (NASA 
Lewis Reseaich Centei. Cleveland. Ohio) i 'oneon House. INTEL 
COM 80 Los Angelas Conference, Los Angles. Calif. Nov 10 13. 
I860. Paper 14 p 7 rets. 

This pa pci deals with the economic mteiaction ot the tenestnal 
and satellite land mobile iadio seivice systems. The cellular ttunked 
and satellite land mobile systems aie described Paiametnc equations 
aie for mulated to allow examination of necessary usei thiesholds and 
giowth istes as functions ol system costs Conversely. fust mdei 
allowable systems costs ate found as a function of usei thiesholds 
and giowth lates Transitions tietween satellite and tenestnal seivice 
systems are examined. Usei giowth >ate density (usei year km 
squaiedl is shown to tv a key patametei in the analysis ol systems 
compatibility The concept of system design matching the puce 
demand cuives is introduced and examples are given The role ot 
satellite systems is critically examined and the economic conditions 
necessai v tor the intioduction of satellite service aie identified L S 

A81 33532 * Advanced communications satellites. J N 

Sivo (NASA. Lewis Reseaich Centei, Cleveland. Ohiol American 
Astronautrcal Society ami American Institute of Aeronautics and 
Astronautics. Annual Meeting on Space Enhancing Technology 
l enter ship Boston Mass Oct 2033, 1980 AAS Paper 80 206 .8 
p, 9 refs 

The papei presents satellite system concepts that are likely in 
the 1990 s and may bung a new dimension to satellite commumca 
tion set vices The NASA 30 70 GH; communications satellite 
demonstration progiam is discussed with emphasis on the related 
technology development Two geneial types ol services aie exam 
med bunking seivices and customei premises services P T H 
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A81 39144 * • High powti densities from high-temperature 

material interactions J F. Moms (NASA. Lewis Research Canlai. 
Cleveland. OHI Amaru an Inttltut* ol AaronaulnS and Allronautns 
Thermophvucs Conference 16th. Palo Alto CA. June 23 25 1981 . 
Paper 81 ttfil IS p 84 refs. Conti act No EC 77 A 31 1062. 

Theimiomc riwtyy conversion (TEC) and nwtallic fluid heat 
pipes (MFHPs) ottering unique advantages in tenestrial and space 
eneigv processing tiv vutue ol operating on working-fluid vapnn/a 
lion condensation cycles that accept gieat theimal powei densities at 
higti tempeiatutrs. share complex materials problems. Simplified 
equations are presented that verily and solve such problems, 
suggesting the possibility ol cost effective applications in the near 
term for TEC ami MF HP devices Among the problems discussed are 
the limitation of alkali metal corrosion, protection against hot 
external gases, external and internal vapor nation, inter facial reac- 
tions and diffusion, expansion coefficient matching, and creep 
deformation. O.C. 


NS 1 10242*1 Mitre Corp Bedford Mesa 

SECOND YEAN TECHNICAL REPORT ON BOARD PROCES 

SING FOR FUTURE SATELLITE COMMUNICATIONS 

SYSTEMS 

William T Brandon Warren K Green Murray Hoffman Paul N 
Jean. William R Neal and Brian E White Oct 1980 255 p 
refs 

(Contract F19628 80 C 0001) 

INASA CR 165155 MTR 8164 TR 21 Avail NTIS 
HC AIO/MF A01 CSCl 17B 

Advanced baseband and microwave switching techniques for 
large domestic communications satellites operating m the 30/20 
GHi frequency bands are discussed The nominal baseband 
processor throughput is one million packets per second (1 6 
Gb/s) from one thousand T1 carrier rate customer premises 
terminals A frequency reuse factor of sixteen is assumed by 
using 16 spot antenna beams with the same 100 MHt 
bandwidth per beam and a modulation with a one b/s per Hi 
bandwidth efficiency Eight of the beams are fixed on maior 
metropolitan areas and eight are scanning beams which 
periodically cover the remainder of the U S under dynamic control 
User signals are regenerated (demodulated/ remodulated) and 
message packages are reformatted on board Frequency division 
muttipte access and time division multiplex are employed on 
the uplinks and downlinks respectively for terminals within tlie 
coverage area and dwell interval of a scanning beam Link 
establishment and packet touting protocols are defined Also 
described is a detailed design of a separate 100 x 100 microwave 
switch capable of handling nonregenerated signals occupying the 
remaining 2 4 GHi bandwidth with 60 dB of isolation, at an 
estimated weight and power consumption of approximately 400 
kg and 100 W respectively MG 
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33 ELECTRONICS AND ELECTRICAL 
ENGINEERING 

Includes test equipment and maintainability compo 
nents e g tunnel diodes and transistors microminiaturiza 
tion and integiated circuitry 

Foi related information see also 60 Computer Operations 
and Hardware and 76 Solid State Physics 


N81-11316*f National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

MODULAR INSTRUMENTATION SYSTEM FOR REAL TIME 
MEASUREMENTS AND CONTROL ON RECIPROCATING 
ENGINES 

William J Rice and Arthur G Birchenough Nov 1980 14 p 

refs 

(NASA TP 1757 E 4551 Avail NTIS HC A02/MF A01 CSCL 

14B 

An instrumentation system was developed for reciprocating 
engines Among the parameters measured are the indicated mean 
effective pressure, or theoretical work per cycle, and the mass 
fraction burn rate, a measure of the combustion rate in the 
cylinder These computations are performed from measured 
cylinder pressure and crankshaft angle and are available in real 
time for the experimenter A 100 or 200 consecutive-cycle sample 
is analyzed to reduce the effect of cyclic variations in the engine 
Data are displayed in bargraph form, and the maan and standard 
deviation are computed Other instruments are also described 

Author 


NB1-1BM4*# National Aeronautics and Spacs Administration 
Lawis Research Center. Oeve'end. Ohio 
QYROTRON TRANSMITTING TUBE Patent Application 
Henry G Kosmahl inventor Ito NASAI Filed 24 Dec 1980 
9 p 

INASA Case LEW 13429 1 US Patent AppI SN 2202121 Avail 
NTIS HC A02/MF A01 CSCL 09A 

An R F transmitting tube for the 20 GHz to 500 GHz range 
comprises a gyrotron and a multistage depressed 5 collector A 
winding provides a magnetic held which acts on spent, spinning 
or orbiting electrons changing their motion to substantially forward 
linear motion in a downstream direction The spent electrons 
then pass through a focusser into the collector Nearly all of 
the electrons injected into the collector will remain within an 
imaginary envelope as they travel forward toward the end collector 
plate The apertures m the collector plates era at least as large 
in diameter as the 5 envelope at any particular axial position 

NASA 


NS1 1S38S*||I National Aaronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 
HIGH TEMPERATURE ELECTRONIC REQUIREMENTS IN 
AEROPROPULSION SYSTEMS 

William C Nieberdmg and J Anthony Powell 1981 5 p refs 
Proposed for presentation at High-Temp Electron Conf . Tucson. 
Anz 25 27 Mar 1981 sponsored by NASA DOE and IEEE 
INASA TM 81882 E 7081 Avail NTIS HC A02/MF A01 CSCL 
09C 

This paper discusses the needs for high temperature electronic 
and electrooptic devices as they would be used on aircraft engines 
m either research and development applications or operational 
applications The conclusion reeched is that the temperature at 
which the devices must be able to function is in the neighborhood 
of 500 to 600 C either for research and development or for 
operational applications In research and development applications 
the devices must function m this temperature range when in 
the engine but only for a moderate period of time On an 
operational engine the reliability requirements dictate that the 
devices be able to be burned in at temperatures significantly 
higher then those at which they will function on the engine 
The major point made is that semiconductor technology must 
be pushed well beyond the level at which silicon will be able to 
function Author 


N81-20SSS*# National Aaronautics and Spaca Administration 
Lewis Research Center. Cleveland. Ohio 
THREE-AXIS ELECTRON-BEAM TEST FACILITY 
James A Dayton. Jr and Ben T ibihera Mar 1SS1 S p 
(NASA TP-1836 E-582) Avail NTIS HC A02/MF A01 CSCL 
OSC 

An electron beam test facility, which consists of a precision 
multidimensional manipulator built into an ultra-high-vacuum bell 
jar. was designed, fabricated, and operated at Lewis Research 
Center The position within the bed jar of a Faraday cup which 
samples currant in the electron beam under test, is controlled 
by the manipulator Three orthogonel axes of motion are controlled 
by stepping motors driven by digital indexers, and the positions 
are displayed on electronic totalizers In the transverse directions, 
the limits of travel ars approximately + or - 2 5 cm from the 
canter with a precision of 2 54 micron 10 0001 in ), m the axial 
direction, approximately 16 0 cm of travel are permitted with 
an accuracy of 12 7 micron 10 0005 in I In addition, two manually 
operated motions are provided, the pitch and yaw of the Faraday 
cup with respect to the electron beam can be adjusted to withm 
a few degrees The current is sensed by pulse transformers and 
the deta are processed by e duel channel box car averager with 
a digital output The beam tester can be operated manually or 
it can be programmed for automated operation In the eutometed 
mode, the beam tester is controlled by a microcomputer (installed 
at the test sits) which communicates with a minicomputer at 
the central computing facility T he data are recorded and later 
processed by computer to obtain the desired graphical presenta- 
tions Author 


NS1 -21 281*| National Aeronautics and Space Administration 
Lawis Reesarch Center. Cleveland Ohio 
ELECTRIC VEHICLE MOTORS AND CONTROLLERS 
Richard R Secunde 1881 33 p refs Presented at the 5th 
intern Workshop on Rare Earth Cobalt Magnets and their 
Applications Roanoke. Va . 7-10 Jun 1881 
(Contract 0E-AI01 -77CS-51044) 

(NASA-TM -S1760. DOE/ NASA/61 04 4 1| E-S23) Avail 

NTIS HC A03/MF A01 CSCL OSC 

Improved and advanced components being developed include 
electronically commutated permanent magnet motore of both 
drum and disk configuration an unconventional brush commutated 
motor, and ec induction motors and various controllers Test 
results on developmental motors, controllers, and combinations 
thereof indicate that efficiencies of 90% and higher for individual 
components, and 80% to 90% for motor/ controller combinations 
can be obtained at rated power The simplicity of the developmen- 
tal motors and the potential for ultimately low cost electronics 
indicate that one or more of these approaches to electric 
vehicle propulsion mey eventually displace presently used 
controllers and brush commutated dc motors E D K 


N81 -2434S*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
LADDER SUPPORTED RING BAR CIRCUIT Patent 
AppM nation 

H G Kosmahl. inventor Ito NASA) Filed 3 Apr 1981 lip 
(NASA Case LEW- 13670-1. US-Patunt-Appl-SN-251009) Avail 
NTIS HC A02/MF A01 CSCL 09A 

An improved slow wave circuit especially useful in beck- 
wsrd wave oscillators is comprised of rings di s posed between 
and attached to respective stubs which ars themselves attached 
to opposing sidewalls of the waveguide To the end that opposed 
interacting magnetic fields wMI be established to provide a very 
high coupling impedance for the slow wave structure, axially 
orientated bars are connected between rings in alternate spaces 
and adjacent to the attachment points of stubs Similarly, axial 
bars ars connected between rings m the spaces which do not 
include bars end at points adjacent to the attachments of bars 
The rings may be hail rings of 180 deg arc and may be formed 
of flat metal ribbons NASA 
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Ml-inU'l National Aeronautics and Space Admimatiation 
Lawn Raaaarch Cantai Clavaland Ohio 

ANALYTICAL PREDICTION AND EXPERIMENTAL VERIFI- 
CATION OF PERFORMANCE AT VARIOUS OPERATING 
CONDITIONS OF A DUAL-MODE TRAVEUNG WAVE TUBE 
WITH MULTISTAGE DEPRESSED COLLECTORS 
James A Dayton Jr . Hanry G Koamahl Patar Ramin* and 
Norbert Stankiewicz Jul 1981 27 p raft 
(NASA TP-1831 E 577) Avail NTIS HC A03/MF A01 CSCL 
09C 

A companion of analytical and experimental raaultt i* 
praaantad lor a high parformanca dual mods traveling wav* tub* 
ITWTI operated over a wide rang* condition* The computation* 
are earned out with advanced multidimenaional computer 
program* The** program* model the electron beam a* a tanas 
of disk* or nngt of charge and follow their traiectone* from the 
rl input of the TWT through the slow wav* itructure refocusing 
system to then point* of impacts m the depressed collector 
TWT performance, collector efficiency and collector current 
dittnbution ara computed and compared with measurements 
Very good agreement was obtained between computed and 
measured TWT performance and collactor efficiencies and the 
computa> design of a highly efficient collector was demon- 
strated Author 


N81 -303S0*| National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 

PERFORMANCE OF COMPUTER-DESIGNED SMALL-SIZED 
FOUR-STAGE DEPRESSED COLLECTOR FOR OPERATION 
OF DUAL-MODE TRAVELING WAVE TUBE 

Peter Ramins and Thomas A Fo» Aug 1981 14 p refs 

iNASA TP 1832 E 6431 Avail NTIS HC A02/MF A01 CSCL 
09C 

A computer designed asisymmetric 2 4 cm diameter four 
stage depressed collectors was evaluated in coniunction with an 
octave bandwidth dual mode traveling wave tube ITWT) The 
TWT was opeiated over a wide range of conditions to simulate 
different applications The collector performance was optimized 
(within the constraint of fixed collector geometry which was 
designed toi operation of the TWT at saturation) over the range 
of TWT operating conditons covered For operation of the 
dual mode TWT at saturation average collector efficiencies of 
81 1/2 and 82 percent for the high and low modes respectively 
were obtained across an octave bandwidth leading to a three fold 
increase in the TWT overall efficiency For operation of the TWT 
■n the linear low distortion range collector efficiencies of 67 to 
92 percent were obtained leading to TWT overall efficiencies 
as high as 35 percent For operation of the dual mode TWT 
over a 10 to 1 range in output power overall efficiencies of 
14 to 41 percent were obtained Author 


A81 32547 * » High temperature electronic requirements m 
aeropropulsion systems. W C Nicberding and J A Powell (NASA, 
Lewis Research Center, Cleveland. Ohio) NASA, DOE and IEEE 
High Temperature Electronics Conference, Tucson, Aru , Mar 
25 27. 1981 Paper 3p 

This paper discusses the needs for ugh temperature electronic 
and electro-optic devices as they would be used on aircraft engines in 
either research and development applications, or operational applies 
tions. The conclusion reached is that the temperature at which the 
devices must be able to function is in the neighborhood of 500 to 
600 C either for R8iD or for operational applications. In R&D 
applications the devices must function in this temperature range 
when in the engine but only for a moderate period of time On an 
operational engine, the reliability requirements dictate that the 
devioes be able to be burned in at temperatures significantly former 
than those at which they will function on the engine The maior 
point made is that semiconductor technology must be pushed well 
beyond the level at which silicon will be able to function. (Author) 


N81- 10301*| TRW Defense and Space Systems Group Redondo 
Beach. Calif Power Conversion Electronics Dept 
APPLICATION HANDBOOK FOR A STANDARDIZED 
CONTROL MODULE (SCM) FOR DC-DC CONVERTERS. 
VOLUME 1 Final Report. Jun 1S7S Jan I960 
Fred C Lae. M F Mahmoud and Yuan Yu Apr 1980 240 p 
refs Prepared in coopeiation with Virginia Polytechnic Inst and 
State Umv Blacksburg 2 Vol 
(Contract NAS3 20102) 

(NASA CR 165172 TRW 29922 6001 RU-01 > Avail NTIS 
HC A11/MF A01 CSCL 09C 

The standardized control module ISCMI was developed for 
application in the buck boost and buck/boost DC DC converters 
The SCM used multiple feedback loops to provide improved input 
line and output load regulation, stable feedback control system, 
good dynamic transient response and adaptive compensation ol 
the control loop for changes in open loop gam and output filter 
time constraints The necessary modeling and analysis tools to 
aid the design engineer in the application of the SCM to DC-DC 
Converters were developed The SCM functional block diagram 
and the different analysis techniques were examined The 
average time domain analysis technique was chosen as the basic 
analytical tool The power stage transfer functions were developed 
tor the buck boost and buck/ boost converters The analog signal 
and digital signal processor transfer functions were developed 
for the three DC-DC Converter types using the constant on 
time constant off time and constant frequency control laws 

R CT 


NS1-1 1314*/! TRW Defense and Space Systems Group. Redondo 
Beach. Calif Powei Conversion Electronics Dept 
USER'S DESIGN HANDBOOK FOR A STANDARDIZED 
CONTROL MODULE ISCMI FOR DC TO DC CONVERTERS. 
VOLUME 2 Final Report. Jun. 1S7S - Jan 1SS0 
Fred C Lee (Virginia Polytechnic Inst and State Urtv ) Apr 
1980 162 p refs Prepared by Virginia Polytechnic Inst and 

State Unnr 

(Contract NAS3 201021 

(NASA CR 165173 TRW 29922 6001 RU-01 -Vol-2) Avail 
NTIS HC A08/MF A01 CSCL 09 C 

A unified design procedure is presented for selecting the 
key SCM control parameters for an arbitrarily given power stage 
configuration and paramater values such that all regulator 
performance specifications can be met and optimized concurrently 
m a single design attempt All key results and performance indices, 
for buck boost, and buck/ boost switching regulators which are 
relevant to SCM design considerations are included to facilitate 
frequent references A R H 


N81 14227F Siemens A G Munich IWest Germanyl Unterneh 
mensbereich Bauelemente und Zentralbereich Techmk 
INTEGRATED RC CIRCUITS IN ALTA- TECHNOLOGY ON 
ONE SUBSTRATE Final Report 

Helmold Kausche Well Dieter Muenz and Hans Werner 
Poetzlberger Bonn Bundesmmisterium fuer Forschung und 
Technologic Dec 1979 60 p refs In GERMAN ENGLISH 

summary Sponsorad by Bundesminis.anum fuer Forschung und 
Technologic 

IBMFT FB T 79 107 ISSN 0340 7608) Avail NTIS 

HC A04/MF A01 Fachinformationszentrum. Karlsruhe West 
Germany DM 12 60 

To reach the goals of this program - i a the realization of 
integrated RC circuits in AITa technology on on* subst-at* 
two ways were investigated first the single layer technique 
with resistors and capacitors from one layer and then the double 
layer technique with a Ta rich layer for the resistors and an 
Al rich layer for the capacitors The compensation of tempera 
tuie coefficients of R and C is done by reactive sputtering lAITa 0) 
or by use of a sandwich dielectric of AITa-oxide and Si02 The 
double layer technique was optimized with production equipment 
and reached preproductior •'.andards Samples of highly stable 
RC -circuits tac’ive filters) were realized The technology also 
includes the integration of crossovers Author 
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N9 1 1 9399*1 TRW Syilams Group Radonoo Beach Calif 
K SAND HIGH ROWER LATCHING SWITCH Final R apart 
M J Mlinar W S Piotrowaki and J E Raua 19 Dac 1990 
49 p raft 

IConiract NAS3 21791) 

(NASA CR 196159 Rapt 34037) Avail NTIS 

MC A03/MF A01 CSCL 09A 

A 19 GH/ waveguide latching twitch with a bandwidth ol 
1400 MHi and an aicaptionally low inaartion loaa of 0 26 dS 
wat damonatratad Tha RF and dnvar fanitaa ara aaparata 
ttructuraa and can ba optimised individually Thit analytit for 
aach atructura it taparatafy datailad Basically tha RF taction 
faaturat a dual tumataa lunction Tha circulator conaitta of a 
dialactric tuba which containa two farrita roda and a dialactnc 
apacar aaparatmg tha farrita parta along tha cantar of tymmatry 
of ti*. waveguide to form two tu natilat Thia subaeeembly ia 
indesed and locked in tha cantai of tymmatry of a uniform 
function of three waveguidea by the metallic transformers matalled 
in the top and bottom walla of the houaing Tha twitching function 
and ita actuating circuitry mat all RF performance obteettvea 
and all ahock and vibration requuamenta with no phyaical damage 
or performance degradation It exceeds thermal raquiramenta by 
operating ovei a 100 C tamparatura range I 44 C to >56 C) 
and hat a high power handling capability allowing up to 1 00 W 
of CW input powei A R H 


N9V 19399*1 SRI International Corp Menlo Park. Calif 
Phyaical Electronics Group 

DIVILOPMINT PROGRAM ON A COLO CATHODE 
IL1CTR0N GUN Final Report 

C A Spmdt May 1979 92 p raft 
(Contract NAS3-20099 SRI Prof 6413) 

I NASA-CR- 169670. SRI-6413) Avail NTIS 

HC A06/MF A01 CSCL 09A 

A prototype electron gun with a Bek) emittsr cathode capable 
of producing 96 mA m a 1/4 mm diameter beam at 12 kV 
was produced Achievement of this goal required supporting 
studies in cathode fabrication cathode performance gun design 
cathode mounting and gun fab'ication A aeries of smpirical 
investigations advanced fabrication technology Mora stable 
emitters ware produced and multiple cone failure caused by 
chain reaction discharges wars reduced Tha cathode is capable 
of producing wall over 96 mA. but a substantial collector 
development effort was required to demonstrate amission levels 
in tha 100 mA region Space charge problems made these levels 
difficult to achieve Recommendations are made for future process 
and materials investigation Electron gun designs were modeled 
and testad A pair of two-electrode gun structures were 
fabricated and tasted one gun was delivered to NASA Cathodes 
were pretested up to 100 mA at SRI and delivered to NASA 
for test m the gun structure Author 


NB1 -X2279*| Hughes Aircraft Co Culver City Calif Electro 
Optical and Data Systems Group 

FABRICATION AN0 TESTING OF POLTVINYLIDENE 
FLUORIDE CAPACITORS 

Robert S Bunti Jun 1 990 1 1 5 p refs 
(Contract NAS3 21042) 

(NASA CR 169501 FR 90 79 9521 Avail NTIS 

HC A09/MF A01 CSCL 09A 

High energy density capacitors mads from metallised 
pofyvmytidena fluoride film wore built and tested Terminations 
of aluminum babbitt tm babbitt and all babbitt were evaluated 
AH babbit terminations appeared to be better The 0 1 microfarad 
and 2 microfarad capacitors ware made of 6 micrometer 
mats rial Capacitance dissipation factor and insulation resistance 
measurements were made over the ranges 55 C to 125 C and 
10 Ms to 100 kHi Twelve of forty one 0 1 microfarad capacitors 
Survived a 5000 hour dc plus sc life tost Under the same 
condmons tha 2 microfarad capacitors aahtbrtsd overheating 
becau s e of excessive powei loss Some failures occurred after 
low temperature exposures for 49 hours No failures were caused 
by vibration or temperature cycling J M S 


A81 21676 * « Analysis and design of an adaptive multi-loop 
controlled two winding buck /boost regulator M F Mahmoud and F 

C Lee (Virginia Polytechnic Institute and State University. Blacks 
burg. Va.I. Institute of Electrical and Electronics Engineers. Inter 
national Telecommunications Energy Conference. Washington DC. 
Nov. 26 29. 1979, Paper 10 p 8 refs Contract No NAS3 20102 
Small signal low frequency lineai average model is derived for a 
multi-loop controlled two winding buefc/boost converter employing 
average techniques and the describing function method. The model 
reveals that a well designed multi loop control can provide a 
second order zero adaptive to output filter parameter changes due to 
component tolerances, temperature changes, aging, and the effect of 
duty cycle modulation. It also can provide stabilisation effect by 
shifting the positive sero to the left half S plane Design guidelines 
are formulated to optimise regulator loop dependent characteristics 

(Author) 
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34FLUID MECHANICS AND HEAT 
TRANSFER 

Include* boundary layer* hydrodynamic* fluidics mass 
transfer and ablation cooling 

For ralated information see also 02 Aerodynamics and 
77 Thermodynamics and Statistical Physics 


NS1-123U*! National Aeronautic* and Space Administration 
Lewis Research Center. Cleveland Ohio 

TURBULENT SOLUTION OF THE NAVIER- STOKES EQUA- 
TIONS 

H G Deisslet 1980 23 p refs Presented at Thirty-Third 

Ann Meeting of the Oiv of Fluid Oyi. of the Am Phys Soc 
Ithaca NY 23-2S Nov I960 

(NASA TM-8 1621 E 6311 Avail NTIS HC A02/MF A01 CSCL 
200 

The unaveraged Navic Stokes equations are solved numeri- 
cally in order to study the nonlinear physics of incompressible 
turbulent flow Initial three dimensional cosine velocity fluctuations 
and periodic boundaiy conditions ara usad No mean gradients 
are present The three components of the mean square velocity 
fluctuations are equal for the initial conditions chosen The resulting 
solution shows characteristics of turbulence, such a* the 
nonlinear excitation of small scale fluctuations For the higher 
Reynolds numbers the initially nonrandom flow develop* into an 
apparently random turbulence J M S 


NS1 -123S3*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

CURVED FILM COOLING ADMISSION TUBE Patent 

Application 

R W Graham and S S Papell nventors Ito NASA) Filed 
27 Oct 1980 12 p 

INASA Cos* LEW 13174 1 US Patent Appl SN 200634) Avail 
NTIS HC A02,' IF A01 CSCL 20D 

Effective film cooling to protect a wall surface from a hot 
fluid which impinges on or flows along the surface is proposed 
A film of cooling fluid having increased area is provided by 
changing the direction of a stream of cooling fluid through an 
angle of horn 135 degrees to 165 degrees before infecting it 
through the wall into a hot flowing gas at an angle to form a 
cooling fluid film Cooling fluid is supplied to the orifice from a 
cooling fluid source via a turbulence control passageway having 
a curved portion between two straight portions The angle through 
which the direction of the cooling fluid is turned results in less 
mixing of the cooling fluid with the hot gas thereby substantially 
increasing the length of the him in a downstream direction 

NASA 


NS1-13301*! National Aeronautics and Space Administretion 
Lewis Research Center Cleveland Ohio 

ANALYSIS FOR PREDICTING ADIABATIC WALL TEMPERA- 
TURES WITH SINGLE HOLE COOLANT INJECTION INTO 
A LOW SPEED CROSSFLOW 

C R Wang S S Papell end R W Graham 1981 10 p 

reft Proposed for presentation at the 26th Ann Intern Gas 

Turbine Coni Houston Tex 8 12 Mar 1981 

INASA TM 81620 E 628) Avail NTIS HC A02/MF A01 CSCL 

20D 

Assuming the local adiabatic wall temperature equels the 
local total temperature in a low speed coolant mixing layer 
integral conservation equations with and without the boundary 
layer effects are formulated for the mixing layer downstream of 
a single coolant infection hole oriented at a ’0 degree angle to 
the crossflow These equations are solved numerically to determine 
the center line local adiabatic wall temperature and the 
effective coolant coverage area Comparison of the numerical 
results with an existing him cooling experiment indicates that 
the present analysis permits a simplified but reasonably accurate 
prediction of the centerline effectiveness and coolant coverage 
area downstream of a single hole crossflow Sti earn wise infection 
at 30 degrev inclination angle Author 


NS 1 1 3302 *| National Asronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
HIAT TRANSFER COEFFICIENTS FOR STAGGERED 
ARRAYS OF SHORT PIN FINS 

G James VanFosaen 1981 15 p refs Proposed for presentation 
at the 26th Ann Intern Gas Turbin* Conf . Houston. Tea. 
8 12 Mar 1981 sponsored by the ASME 
INASA TM 81596 E 6581 Avail NTIS HC A02/MF A01 CSCL 
200 

Short pm fins are often used to increase that heat transfer 
to the coolant in the trailing edge of a turbine blade Due primarily 
to limits of casting technology, it is not possible to manufacture 
pins of optimum length for heat transfer purposes in the trailing 
edge region In many cases the pins are so short that they 
actually decrease the total heat transfer surface area compared 
to a plain wall A heat transfer data base for these short pins is 
not available in the literature Heat transfer coefficients on pin 
and endwall surfaces wore measured for several staggered arrays 
of short pin fins The measured Nusselt numbers when plotted 
versus Reynolds numbers were found to fall on a single curve 
for all surfac s tested The neat transfer coefficients for the 
shod pin fins (length to diameter ratios of 1/2 and 21 were 
found to be about a factor of two lower than data from the 
literature for lorrgei pm auays (length to diemeter ratios of 
about 8) Author 


NS1 - 1 6239*| National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 
NUMERICAL SIMULATION OF FLOWS IN CURVED 
DIFFUSERS WITH CROSS-SECTIONAL TRANSITIONING 
USING A THREE DIMENSIONAL VISCOUS ANALYSIS 
C E Town* and B H Anderson 1981 19 p refs Presented 

at 19th Aerospace Sci Meeting St Louis 12-16 Jan 1981. 
sponsored by AIAA 

(NASA TM 81672 E 696) Avail NTIS HC A02/MF A01 CSCL 
20D 

A three dimensional analysis for fully viscous, subsonic 
compressible flow is evaluated An approximate form of the Newer 
Stokes equations is solved by an implicit spatial marching 
technique Calculations were mad* for flow in a circular S duct 
and in the F 16 mist duct The computed total pressure contours 
and secondary flow velocity vectors are presented Qualitative 
comparisons with experiment are shown for both ducts The 
analysis is used to show how the cross section transitioning in 
the F 16 inlet suppresses the development of a secondary flow 
vortex Authoi 


Nil 16240* «l National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

FACTORS WHICH INFLUENCE THE BEHAVIOR OF 
TURBOFAN FORCED MIXER NOZZLES 

8 H Anderson and L A Povinelli 1981 30 p refs Prepared 
foi 19th Aeiospace Sci Meeting St Louis. 1 2 15 Jan 1981 
sponsored by AIAA 

INASA TM 81668 E 6891 Avail NTIS HC A03/MF A01 CSCL 
200 

A finite difference procedure was used to compute the mixing 
for three axpeumenially tested mnei geometries Good agreement 
was obtained between analysis and experiment when the 
mechanisms responsible for secondary flow generation were 
properly modeled Vorticity generation due to flow turning and 
vomcity generated within the centerbody lobe passage war* found 
to be important Rasutts ara presented for two different 
temperature ratio* between fan and cor* streams and for l*.a 
different free stream turbulence levels It was concluded that 
the dominant mechanisms in turbo<an mixers is associeted with 
the secondary flows arising within the lobe legion and then 
development within the mixing section kuthor 
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N8116241*! National Aeronautics and Space Administration 
Lawn Research Cantai Clavatand Ohio 

A FOUR-CYLINDER STIRLING ENGINE CONTROLS 
MODEL 

Carl F Lorenzo and Carl J Daniels 1980 25 p rail Presented 
at Automotive Technol Develop Contractor Coordination Meeting 
Dearborn Mich 11 13 Nov 1980 
(Contract DE AI01 77CS 51040) 

(NASA TM-8 1648 E 9356 7 D0E/NASA/51040 21) Avail 

NTIS HC A02/MF A01 CSCL 10B 

A four working space double acting piston Stirling angina 
simulation was developed for controls studies Two simulations 
one for detailed fluid behavior and a second model with simple 
fluid behavior but containing the four working space aspects 
and angina inartias. validate these models seperately then upgrede 
the four working space model by incorporating the detailed fluid 
behavior model for all four working spaces The single working 
spece model contains the detailed fluid dynemics The four working 
space IFWSI model was built to observe the behavior of the 
whole engine The drive dynamics and vehicle inertia effects are 
simulated The capabilities of the model are eaercised to look at 
working fluid supply transients short circuit transients and 
piston ring leakage effer-ts S F 


N81- 19417*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

CARILLARY AND ACCELERATION WAVE BREAKUP OF 
LIQUID JET8 IN AXIAL-FLOW AIR8TREAMS 

Robert D Ingehc Jan 1981 13 p refs 
INASA-TP-1791. E-637) Aveil NTIS HC A02/MF A01 CSCL 
200 

Empirical corrwlations of reciprocal mean drop diameter with 
eirstream momentum were derived from capillary and acceleration 
wave breakup of liquid feta atomized by croaa stream infection 
into anal fk/w airstreams A scanning radiometer waa used to 
obtain data over an airstream momentum range of 3 7 to 
25 7 g/sq cm sec Transition from capillary to acceleration wave 
breakup was obtained at a c-iical Weber- Reynolds number of 
1000 000 EOK 


N81 18421*1 National Aeronautics and Space Administration 
Lewis Research t inter. Cleveland Ohio 
THE EFFECT OF INFLOW VELOCITY PROFILES ON THE 
PERFORMANCE O' SUPERSONIC EJECTOR NOZZLES 

Aden R Bishop 1*81 • p refs Presented at the 19th 

Aeroapece So Meeting St Louis. 12-15 Jan 1981 sponsored 
by AIAA 

I NASA- TM-8 1873. E-6971 Avail NTIS HC A02/MF A01 CSCL 
200 

The effect of initial velocity profiiu on the performance of 
aneymmetnc supersonic elector nozzles is discussed Two different 
■nmol profiles in each of two different geometries are analyzed 
and the importance of using realistic starting conditions to predict 
supersonic nozzle performance is demonstrated Author 


NB1-1B331*||I National Aeronautics and Space Administration 
Langley Research Center Hampton Va 

GEOMETRIC METHODS IN COMPUTATIONAL FLUID 
DYNAMICS 

Petar R Eisemsn In Von Karman Inst tor Fluid Dyn Shock 
Boundary Layer Interaction in T urbomachinas Vol 2 1980 

181 p refs (Foi primary document sea N81 18328 00 341 
(Contracts NAS3 22117 NASI 15810. 

AGARO OTAN DPP 80 110071 

Avail NTIS HC A14/MF A01 CSCL 200 

General methods for the construction of geometric compute 
nonal fluid dynamic algonthms are presented which simulate e 
variety of flow fields in various nontrivial regions Included are 
basic developments with tensors venous forms for the equations 
of motion generalized numerical methods and boundary 
conditions and methods for mesh generation to meet the strong 
geometric constraints of turbomachines Coordinate generation 
is shown generally to yield mesh descriptions from one or more 
trens'ormations that are smoothly (Omed together to form a 
composite mesh Author I ESA I 


N81 -21910*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ACCELERATION WAVE BREAKUP OF UQUID JETS WITH 
AIRSTREAMS 

Robert 0 Ingebo 1991 10 p refs Proposed for presentation 

at the Symp on Fluid Mach Boulder Colo. 22-24 Jun 1 98 1 
sponsored by ASME 

(NASA TM 81717 E-7501 Avail NTIS HC A02/MF A01 CSCL 
20D 

Characteristic mean drop diameters were determined for 
downstream and upstream infection into nonawirlmg and swirling 
airflows The effects of the eerodynamic and liquid eurface forces 
on the mean drop sue were obtained with a scanning radiometer 
Water tat breakup was studied primarily in the acceleration wave 
regime with values of We Re > 10 to the 6th power and the 
following empirical expresaion was obtained Dlol/Olml - C 
(WeRal to the 0 4. power where Dio) and Dim) are the orifice 
and mean drop diameters, respectively We and Ra are the Weber 
and Reynolds numbers defined as repecttvely. Wa • rho4a)Dlo)V|r) 
/sigma and Ra - Dlo)V(r|/nu. where Vlrl and rhola) are airstream 
relative velocity and density, tspeclrvely and aigma and nu are 
surface teneion and kinematic viscoaity of the liquid, respectively 
The proportionally constant C was evaluated as follows for 
downstream infection. C - 0 023 with nonswirling airflow, and 
C - 0 027 with swirling airflow For upstream infection, the 
empirical espression D(o)/D(m) - 00045 (WeRe) to the 
0 5 power was obtained with nonswirling airflow Experimental 
conditions included a water flow rate of 68 liter per hour and 
an ai.flow rata per unit area range of 4 6 to 26 2 gm/aq cm 
tec ai 293 K and atniosphenc pressure A R H 


N81 -21119*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

EVALUATION OF A METHOO FOR HEAT TRANSFER 
MEASUREMENTS AND THERMAL VISUALIZATION USING 
A COMPOSITE OF A HEATER ELEMENT AND LIQUID 
CRYSTALS 

Steven A Hippentteele Louis M Russell and Francis S Stepka 

Apr 1981 22 p refs Presented at the 26th Ann Intern Gas 

Tu’bme Coni Houston. Tes . 8-12 Mar 1981. sponsored by 

ASME Original contains color illustrations 

(NASA TM 81639 E-656) Avail NTIS HC A02/MF A01 CSCL 

20D 

Commercially available elements ot a composite consisting 
ol a plastic sheet coated with liquid crystal another sheet with 
a thin layer of a conducting material (gold or carbon), and copper 
bus ber strips were evaluated and found to provide a simple 
convenient accurate and low cost measuring device for usa in 
heat transfer research The particular feature of the composite 
is its ability to obtain local heal transfe: coefficients and isotherm 
patterns that provide visual evaluation of the thermel performances 
of turbine blade cooling configurations Examples of the usa of 
tht composite are presented Author 


N81 -21914*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

FLOW THROUGH AXIALLY ALIGNED SEQUENTIAL 
APERTURES OF THE ORIFICE AND 80RDA TYPES 

R C Hendricks and T Trent Stetz 1981 17 p re's Proposed 

for presentation at the 20th Natl Heat Transfer Conf Milwaukee 
2-5 Aug 1981 sponured by ASME end AlChE 
(NASA TM-8. 681 E 7071 Avail NTIS HC A02/MF A01 CSCL 
200 

Choked flow rate and pressure profile data were obtained 
and studied for two axially aligned sequential configurations 
consisting of four Borda type inlets of 1 9 1/D with two separetion 
distances of 0 8 and 30 diameters and four orifice type inlets 
of 0 5 1/D with two separetion distances of 0 66 and 
32 diameters Data were obtained using fluid nitrogen ova. the 
reduced inlet temperature and pressure range 0 68 « T/T sub 
c < gas and P/P sub c to 2 A flow coefficient reduced temperature 
plot can be used to represent the flow rate deta for each geometry 
At the larger separation "istances the pressure profiles dropped 
sharply at the entrance and partially recovered within eech of 
the Borda and orifice inlet configurations the exception being 
the last inlet where at low entrance temperatures fluid ictting 


75 


could occur For the smeller (pacing* fluid tatting was pravalam low forced-sir vaiocitiaa (approximately 10 em/secl ara auffidant 

throughout aach of th* mlat configuration* at lowar Inlat to auatam mathan* llama combuation in aaro gravity Hama color 

temperatures Thaaa raault* ara in qualitativa agreement with la alao discussed Author 

data of tuba* with amgla Borda or (harp adga onfica typa inlat* 
to 105 1/0 and waur flow vnualuation atudiaa 00E 


N91-22310*# National Aaronautici and Spaca Admmittration 
Lewi* Research Canter. Cleveland Ohio 
HEAT Pint CONTAINING ALKALI METAL WORKING 
FLUID Patent A gpR— Se w 

Jama* F Morn*, inventor (to NASA) Filed 16 Mar INI ip 
(NASA Case- LEW 12263 1. US Patent Appl FN 2436821 Avail 
NTIS HC A02/MF A01 CSCL 20D 

The improvamant of high temperature evaporation condensa- 
tion heat tranafar device* which have important and unique 
advantage* in tarraatna 1 and aped* energy proceaaing i* diacuaaad 
The device re in th* form of a heat pipe comprising a aaalad 
container or anvalooo which contain* a capillary wick The 
temperature of one and of th* heat pip* is raiaed by th* input 
of extremely hot and corrosive heat horn an external heat source 
A working fluid of a corrosive alkali mats', transfers this hast to 
a heat racarvar remote from th* heat source The container and 
wick ara fabricated from a euparafloy containing a small percentage 
of corrosion inhibiting or gattanng element Lanthanum, scandium, 
yttrium, thonum. and hafnium ara utilised as th* alloying matal 

NASA 


.<•1 -2438/*| National Aeronautics and Space Administration 
Lewis Raaaarch Canter Cleveland. Ohio 

TOME PLOW PHENOMENA ASSOCIATED WITH ALIGNED. 
iEQUENTIAL APERTURES WITH SOROA-TVPC INLETS 

Robait C Handaricks and T Trent Stats May 19E1 63 p 

rail 

(NASA-TP-1792. E 479) Avail NTIS HC A04/MF A01 CSCL 

200 

Choked flow rat* and pressure profile data ware taken and 
studied for a configuration consisting of four axially aligned, 
sequential Borda tubas of 1 9 'angth diameter ratio with separation 
distances of O S and 30 tuba diamstar* For either case th* 
flow rat* data could be represented by a Bow coefficient reduced 
temperature plot At a separation distance of 30 tub* diameters 
th* pressure profiles dropped sharply at th* entrance and recovered 
within aach Borda tuba: except at low temperature* where fluid 
tatting through th* last Borda tubs occurred At a separation 
distance of 09 tuba lotting was prevalent and application of a 
significant backpraasur* did not after th* tatting Thaaa result* 
agree with other data for tubas with Borda or sharp adga orifice 
mlat* and with a water flow visualization study reported herein 

Author 


N91 -24J88*| National Aeronautic* and Space Administration 
Lewis Research Canter Cleveland Ohio 

FORCED AND NATURAL CONVECTION IN LAMINAR-JET 
DIFFUSION FLAMES 
John 6 Haggard Jr Jun 1961 24 p r*fs 
(NASA TP- 1941. E-4871 Avail NTIS HC A02/MF A01 CSCL 
200 

An experimental investigation waa conducted on methane 
'emmar t*t diffusion flame* with coaxial fo cad-air flow to 
•■amine fleme shapes m rero gravity end ir situation* where 
buoyancy aids inormel-grevtty flame'.! or hinder, I inverted - 
gravity flames! the flow veiocitiee Fuel nozzle* ranged in size 
from 0 0S1 to 0 306 cm inside radius, while the coaxial 
convergent, air nozzle had a 1 4 cm inside radius at the fuel 
•■it plane Fuel flow* ranged from 1 SB to 10 3 cu cm/sec and 
sir Bow* from 0 to S67 cu cm/sec A computer program developed 
under a previous government contract was used to calculate 
the charectenetic dimensions of normal and zero-gravity flames 
only The results include a comparison between the experimental 
data and the computed axial fleme lengths for normal gravity 
and zero gravity which »lv- «*d good agreement Inverted -gravity 
flame width wsa cor refs with the ratio of fuel nozzle radius 

to average fuel velocity Flame extinguishment upon entry into 
weightlessness was studied and it was found rhat relatively 


N81- 29399* f National Aeronautics and Spec* Administration 
Lewis Research Center Cleveland Ohio 

GEPRE98URI2ATION ANO TWO PHAM FLOW OF WATER 
CONTAINING HIGH LEVELS OF DISSOLVED NiTROOEN 
GAS 

Robert J Simoneau Jul 1961 48 p ref* 

(NASA TP-1639 E 2161 Avail NTIS HC A03/MF A01 CSCL 
20D 

Depressurization of wat*' containing various concentrations 
of dissolved nitrogen gas was studied In s nonflow depressures 
tion experiment water with very high nitrogen content was 
depressurized st rates from 0 09 to 0 50 MPa per second and 
a metastabl* behavior which was a strong function of the 
depressurization rate was observed Flow experiments were 
performed in an axiaymmetnc. converging diverging nozzle, a 
two dimensional, converging nozzle with glass sidewall*, and a 
snarp edge orifics The converging diverging noz-le exhibited 
choked flow behavioi even at nitrogen concentration levels as 
low •> 4 percent of the saturation level The flow rates were 
indepenoent of concentration level Flow in the two dimensional, 
converging visual nozzle appeared to have a sufficient pressure 
drop at the throat to cause nitrogen to come out of solution 
but choking occurred further downstream The orifice flow motion 
picture* showed considerable oscillation downstream of the 
orifice and parallel to the flow Nitrogen bubbles appeared in 
tha flow at back pressures as high as 3 29 MPa. and the level 
at which bubbles were no longer visible was a function of nitrogen 
concentration E A K 


NS1 -293S4*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
INFLUENCE OF THERMAL BOUNDARY CONDITIONS ON 
HEAT TRANSFER FROM A CYLINDER IN CROSS FLOW 

S Stephen Papell Aug 1981 10 p ref* 

I NASA TP- 1894 E 627) Avail NTIS HC A02/MF A01 CSCL 

200 

Local heat transfer data over the leading surface of a cylinder 
in crossflow were obtrined for a Reynolds number range of 
50.000 The cylinder was operated at both uniform wall 
temperature and uniform heat flu« thermal snee of 80 deg from 
the front stagnation pomt. the uniform-wall temperature heat 
transfer coefficients wer* as much as 46 percent lower than 
the uniform-heat-flux data Between the stagnation point and 
60 deg around the cylinder there were no significant differences 
in the data This region of the cylinder is within the cylindrical 
curvature region of the front end of s reel turbine so it was 
concluded that either thermal boundary condition could be used 
to model turbine flow over that region of the blade Results of 
evaluating the exponent x in the fundamental relationship 
Nu-ffRe) sup x. which is used in data correlation show the 
exponent varies as a function of local position on the cylinder 
even in the laminar flow region The value of x increases 
linearly from 0 50 at the stagnation point to 0 59 at 60 deg 
around the cylinder This linear trend continued into 'he separetion 
region at 80 deg for the uniform-wsll-temperature dais but ■ 
increased markedly in the separation region tor the uniform heat 
flux data A R H 


N81 30390*1 National Aeronautics and Space Aomimstistion 
Lewis Research Center Cleveland Ohio 

9EP SIMOD VARIA9LF CONDUCTANCE HEAT PIPES 
ACCEPTANCE AND CHARACTERIZATION TESTS 

Joseph A Hemming*! Aug 1981 175 p rets 

INASA TM 62635 E 657) Avail NTIS HC A08/MF A01 CSCL 

20D 

A series of sia heat pipes similar in design to those flown 
on the Comumcation* Technology Satellite Hermes for use in a 
prototype Soiar Electric Propulsion ulMOD thrust module are 
evaluated The results of acceptance and characterization test* 
performed on the heat pipe subassembie are reported The 
performance of «ll The heat pipes met or eiceeded design 
specifications J 0 H 
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NS 1 10391*0 National Aaionautica and Spec* Admmutration 
Lewis Raaaarch Cantai, Cleveland Ohio 

EXPERIMENTS ON FLOW THROUOH ONE TO FOUN INLETS 
OF THE ORIFICE AND SOROA TYPE 

R C Hendricks and T Trent Stew 1981 18 p reft Piaaantad 
at the Cryogenic Eng Conf / Intern Cryogenic Metai Con) San 
Oiego Cali) 10-14 Aug 1981 sponsored by NBS 
(NASA TM 82680 E 9631 Avail NT'S HC A02/MF A01 CSC*. 
200 

Choked )low rate and prasaura profile data were taken on 
sequential anally aligned inlets of the onfice and Borda type 
The configuration consisted of from two to four inlets spaced at 
two nominal separation distances of 0 7 and 30 diametsrs At 
the nominal 30 diameter spacing the reduced flow rate follows 
a simple empirical relation based on the reduced flow rate for a 
single inlet At the nominal 0 7 diameter spacing fluid letting 
was prevalent at low temperatures and flow ratas ware the 
same as for a single inlet Author 


A81 29983 * Heat transfer coefficients for staggered arrays 

of short pin fins G. J VanFossen (NASA, Lewis Research Cental, 
Cleveland, Ohio). American Society of Mechanical Engineers. Gat 
Turbine Conference anil Products Show. Houston. Tea . Mar 9 12. 
1981. Paper 81 CT /S lip 14 reft. Members, $2 00. nonmembert. 
$4 00 

Short pm fins are often used to increase the heat transfer to the 
coolant in the trailing edge of a turbine blade Due primarily to limits 
of casting technology, it is not possible to manufacture pint of 
optimum length tor heat transfei purposes in the trailing edge region. 
In many cases the pins are so short that they actually decrease the 
total heat transfer surface area compared to a plain wall A heat 
transfer data base for these short pins t$ not available in the 
liter atuie Heat transfer coefficients on pin and endwall surfaces weie 
measured for several staggered arrays ot short pin fins The measured 
Nusselt numbers when plotted versus Reynolds numbers were found 
to fall on a single curve for all surfaces tested The heat transfer 
coefficients for the short pin fins (length to diameter ratios of 1/2 
and 21 were found to be about a factor of two lower than data from 
the literature for longer pin arrays (length to diameter ratios of about 
81. (Author I 


A81 29998 * » Analysis for predicting adiabatic wall tempera 
turn with single hole coolant iniection into a low speed crossflow C 

R Wang. S S Papell. and R W Graham (NASA. Lewis Research 
Center, Cleveland. Ohio) American Society ot Mechanical Engineers 
Gas Turbine Conference and Products Show. Houston. Tea Mar 
912. 1981. Paper 81 GT 91 7 p 12 refs Members. $2 00 

nonmembers. $4 00 

Assuming the local adiabatic wall temperatuie equals the local 
total temperature in a low speed coolant mixinq layer, integral 
conservation equations with and without the boundary layei effects 
are formulated for the mixing layer downstream of a single coolant 
infection hole oriented at a 30 deqiee angle to the crossflow These 
equations are solved numencally to determine the centei line local 
adiabatic wall temperature and the effective coolant coverage area 
Comparison of the numerical results with an evistmg film cooling 
experiment ind. cates that the present analysis permits a simplifier) 
but reasonably accurate predict-", of the centerline effectiveness and 
coolant coveiaqe area downstream of a single hole crossflow 
str earn wise infection at 30 deg inclination angle (Author) 


A81 18638 ' a Pressure spectra and cross spectra at an area 
contraction in a ducted combustion system. J H Miles (NASA. 
Lewis Research Center. Cleveland. Ohio! and 0 il Raftopoulos 
(Toledo University. Toledo. Ohiol American Society u i Mechanical 
Engineers Century 2 Aerospace Conference San Francisco Calif , 
Aug 13 15. 1980 Paper 80 C2 Aero 9 7 p Members $1 50 
nonmembers. S3 00 

Pressure spectra anti cross spectra at an area contraction in a 
liquid fuel, ducted, combustion noise test fan' ty as analyred 


Measurements made over a range of air and fuel flows are discussed 
Measured spectra are compared with spectra calculated using a simple 
analytical model (Author) 


AS 1 19284 * ft Turbulent solution of the Naviar Stokes aqua 

tiont. R G Oeissler (NASA. Lewis Research Center, Cleveland. 
Ohio). American Physical Society. Annual Meeting. 33rd. Ithaca. 
N Y . Nov 23 25. 1980. Paper 21 p. 16 refs 

To study the nonlinear physics of incompressible turbulent 
flow, the unaveraged Navier Stokes equations are solved numerically 
Initial three-dimensional cosine velocity fluctuations and periodic 
boundary conditions are used No mean gradients are present The 
three components of the meansquare velocity fluctuations are equal 
for the initial conditions chosen The lesultmg tolution shows 
characteristics of turbulence, such as the nonlinear excitation of 
smallscale fluctuations Foi the higher Reynolds numbers the 
initially nonrandom flow develops into an apparently random 
turbulence (Author) 


A81 29996 * H Some modifications to. and operational ex 
periencet with, the two-dimensional, finite difference, boundary 
layer code. STANS. R E Gauglei (NASA. Lewis Research Center. 
Cleveland. Ohio) American Society of Mechanical Engineers Gas 
Turbine Conference and Products Show, Houston. Tea Mar 9 12. 
1981. Paper 81 GT 89 5 p 16 lets Members. $2 00 nonmembers 
$4 00 

The two dimensional, finite-difference boundary layei code 
STAN5. IS the pnmary tool used at the NASA Lewis Research Centei 
for predicting turbine blade gas side heat transfer coefficients A 
number of modifications have been marie to the proqram to enhance 
its usefulness for these calculations Experience in using STANS has 
identified some problems in the program that can lie treated through 
progiam input, without modifying the program These include the 
presence of a small separation bubble near the leading edge, and tht 
effect of full coverage film cooling on tran«ition to turbulence Some 
of the techniques used to treat these problems are described 

(Author) 


NS 1 20383 *f Scientific Raaaarch Associate* Inc Glastonbury 
Conn 

A THREE-DIMENSIONAL TURBULENT COMPRESSIBLE 
SUBSONIC DUCT FLOW ANALYSIS FOR USE WITH 
CONSTRUCTED COORDINATE SYSTEMS fM Report 

R Levy H McDonald W R Briley and J P Kraakovaky 
Washington NASA Apr 1881 40 p refs 
(Contract NAS3 2 17361 

i NASA CR 3389) Avail NTIS HC A03/MF A01 CSCL 20D 
An approximate analysis >s presented which is applicable to 
nor-orthogonal coordinate ayetems having a curved centerline and 
planar tranaverae coordinate aurfecee normal to the cer.terkno 
The primary flow direction is taken to coincide with the local 
direction of the duct centerline and is hence normal to hens verse 
coordinate planes The formulation util ires vector components 
(velocity vorticity transport equations) defined in terms of local 
Cartesian directions aligned with the centerline tangent although 
the governing equations themselves are exp reseed m generel 
nonorthogonel coordinates For curved centerlines these vector 
quantities are redefined in new local Cartesian directions at each 
at ream wise location The use of local Cartesian variables and 
fluxes leads to governing equations which require only first 
derivatives of the coordinate transformation and this provides 
for the aforementioned ease m using constructed coordinates 

A R H 
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NS1-22S13*f Martini Engineering Richland Wash 
A COMPUTER SIMULATION OR TMI TRANSIENT RE 
SRONS8 OR A 4 CVUNOIR STIRUNO 8NOINI WITH 
BURNIR AND AIR RRIHIATtR IN A V1HICLC Final 

W R Martini Mar tilt 1ST p ref» 

'Contract* DEN3 226 OE A101 77CS 510401 

(NASA CR 166262. OOf /NASA/0226 1) Avail MIS 

MC AOS/ME A01 CSCL I0S 

A tenet of computer program* are presented with full 
documentation which simulate the transient behavior of a modem 
4 cylinder Siemens arrangement Stirling engine with burner and 
air preheater Cold start, cranking, idling, acceleration th-ough 
3 gear changes and steady speed operation are simulated Sample 
reeults and complete operating instructions are given A full source 
code listing of eH programs are mel ded Author 


ASV16537 * Full-coverage film cooling. I - Three 

dimtmional maeturamantt of turbulanca itructura. II - Prediction of 
the recovery region hydrodynamic*. S. Yavu/kurt. R. J Moffat, end 
W M Kay* (Stanford University, Stanford. Calil.l Journal of Fluid 
M ec h anics, vol 101. Nov 13. 1980. p 129 178. 46 ret* Research 
sponsored by the Scientific and Technical Research Council of 
Turkey. Contract No NAS3 14336. 

Hydrodynamic measurements ot turbulence structure were 
performed with a tnamal hot wire in the lull coverage and the 
recovery regions following an array ol in|ection holes under 
isothermal conditions at ambient temperature and pressure for 
blowing ratios of 0 9 and 04. High level! of turbulence kinetic 
energy (TKE) were determined for low blowing, and low TKb levels 
were lound tor the high blowing levels, in the recovery region, the 
flow can be repiesented by a model with an outer boundary layer 
and a 2 dimensional inner boundary layer Recovery region hydro 
dynamics can be modelled by considering that a new boundary layer 
started to grow immediately after the end of blowing, the Prandtl 
mixing Irngih distributions calculated from the values of mean 
velocity and turbulent shear stresses were consistent with the 
presence of a dual boundary layer structure tn the recovery region 
The program used here contains a one equation model ot turbulence, 
using turbulence kinetic energy with an algebraic mixing length, this 
2-dimensional. finite difference program can predict the mean 
velocity and turbulence kinetic energy profiles based o., initial 
values, boundary condition*, and a closure condition. A T. 


All 24824 * Heat transfer from a row of impinging fat* So 

concave cylindrical surfaces P Hrycak (New Jervy Institute of 
Technology. Newark. N J.l Intarnational Journal of Haul and Maas 
Tramfar. vol 24 Mar 1981. p 407419 39 '-«s Contract No 
NAS3 111T5 

Starting from the first principtes. and with ana experimentally 
obtained parameter, an expression for stagnation heat transfei is 
derived, applicable to round, impinging jets. The results obtained 
with a row of air jets impinging on an electrically-heated surface in a 
small scale setup characteristic of a typical turbine blade have been 
found compatible with the averagr heat transfer from a geometrically 
similar, steam-heated surface scaled up ten times, and comparable 
with the results of othei investigators. That* findings were linked to 
the flow fields likely to exist in the gas turbine blades, internally 
cooled by a row of round fets or a tingle |*t of equivalent width The 
magnitude of heat transfer coefficients obtained here with impmgmo 
jets approaches that normally associated with force'* convection of 
water and evaporative cooling. (Author) 


A81-18021 * 4 Evacuation induced pressure differentials in 

multilayer insulation systems. A P M Glattford (Lockheed Re 
search Laboratories. Palo Alto. Calif.) AIAA Journal, vol 19. Jan 
1981. p 104 112 5 reft Contract No NAS3 14377. 

The pressure differentials induced across three types of multi 
layer insulation systems during evacuation have been measured and 
compared with values predicted using an idealired parallel plate 
geometric model The system* letted ware double aiumini/ed Mylar 
wrth a Tittuglat or silk net spacer and crinkled single aluminired 
Mylar Test samples were circular The influence of purge grit type, 
.syer density, sample diameter, and temperature was systematically 
investigated The experimental approach was to measure the absolute 
pressure history and corresponding pressure differential induced 
across the insulation during evacuation The measured pressure 
differentials were nondimensionali/ed and compared with those 
predicted by the parallel plate model at a function of Knuds en 
number It was concluded lliet in* parallel plate model it adequate 
lor making engineering analyses The influence ot ail parameters 
except layer density, is well represented by the model Represents 
lion ot the influence ot layer density is lets satisfactory, but can be 
improved by modification of the flat plate model to allow for the 
more obvious practical nonideal dies, such at crinkling, or the 
pretence of a net spacer (Author I 
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35INSTRUMENTATION AND 
PHOTOGRAPHY 

Include* remote tentor* measuring instruments and 
gage* detectors camera* and photographic supplies and 
holography 

for aenal photography tee 43 Earth Resources For 
related information tee alto 06 Aircraft Instrumentation 
and 19 Spacecraft Instrumentation 


mi 1 Mir 1 National Aeronautic* and Space Administration 
Lewt* Research Canter. C l ave land Ohio 
MINIATURE DMO FOHCi ANEMOMETER 
L N Krause ant* G C Fralick INI 17 p ref* Proposed for 
praaentation at the 2nd Intern Symp and Ind . St Lou*. 
•-10 Apr INI, sponsored by ASMS, the ISA and NSS 
(NASA-TM SI 640 E 70S) Avad NTIS HC A02/MF A01 CSCL 
US 

A meuatura drag force anemometer * described which ts 
capable of measuring unsteady a* well as steady state velocity 
head and flow direction It consist* of a cantilevered beam with 
•tram gaga* located at the base of the beam as the force measuring 
element The dynamics of the beam are like those of lightly 
damped second order system with a natural frequency a* high 
at 40 kiloheru depending on beam geometry and material The 
anemometer * used m beth forward and reversed flow 
Anemometer characteristics and several designs era presented 
along with dwcussrors of several apphcations Author 


M1-1B42S*! Nat-onei Aeronautics and Soace Administration 
Lew* Research Center. Cl eveland Ohio 
SPECIFYING AND CALIBRATING INSTRUMENTATIONS 
FOR WIOCBANO ELECTRONIC POWER MEASUREMENTS 

Oamaf J Lasco and Donald H Weikle Dec ’ SSO 20 p reft 
(Contraci EC 77-A-3 1-10441 

(NASA TM-S1S4S DOE/ NASA/ 1044-0) Avail NTIS 
HC A02/MF A01 CSCL 14B 

The wideband electric power measurement related topics of 
electronic wattmeter calibration and specification are discussed 
Tasted calibration techniques are described m detail Analytical 
method* used to determine the bandwidth requirements of 
instrumentation for switching circuit waveforms are presented 
and illustrated with e samples from electric vehicle type applies 
lions Analog multiplier wattmeters digital wattmeters and 
calculating digital oscilloscopes are compared The instrumentation 
characteristics which are critical to accurate wideband power 
measurement are described J M S 


AS1-41732 * Experimental analysis of IMEP m a rotary 

aomburtion angina. H J. Schocfc. W J. Rica, and P R Many (NASA. 
Lewis Research Center. Cleveland. OH I Society ol Automotive 
Engineers Internetionel Congress end Exposition Detroit an. Feb 
33 27 1981 Paper 810160 42 p 14 refs 

This experimental work demonstrates the use of a NASA 
designed, real time Indicated Mean Effectiv. Pressure (IMEP) 
measurement system which will be used to |udgr proposed improve 
mants in cycle efficiency of a rotary combustion engine Thir is the 
first self contained instrument that is capable of making real time 
mewurements of IMEP m a rotary engine Previous methods used 
require data recording and latei processing using a d-gital computer 
The unique features of this instrumentation include its ability to 
measure IMEP on a cycle by cycle, real time basis and the 
elimination of the need to differentiate the volume function in real 
time Measuruinents at two engine speeds 12000 and 3000 RPMI and 
a full range of loads are presented, although the instrument was 
designed to operate to speeds of 9000 RPM I Author I 


AS 1-47842 * e Holographic flow visualisation of time- very mg 
shock waves. A J Decker (NASA, Lewis Research Center, Cleveland. 
OH) Applied Optics, vol 20. Sept IS. 1981. p 3120 3127 8 raft. 

Rapid double apotuie, diffusa illumination holography it evalu- 
ated analytically and experimentally at a flow visualiration method 
for time-varying shock waves Conditions are determined that 
minimise the distance llocaliration error! between the surface or 
curve of interference fringe localisation and the shock surface. 
Treated specifically are the cases of shock waves in a transonic 
compressor rotor for which their is later anemometer data for 
comparison and shock waves in a flutter cascade. (Author) 


A81-489S0 * Gauge calibration systam basad on piston 

manometer I. Warshawsky (NASA. Lewit Research Canter. 
Cleveland, OH). Journal of Vacuum Science and Technology, vol. M, 
July Aug 1981, p 243 249. 12 reft. 

An unbaked calibration system is described that permits 
absolute calibration with a piston manometer in the range 0.0002 to 
8 Pa. with a probable error of 5 mcroPa * 0.8%, or in the range 
0.00008 to 0.02 Pa, with a probable error of 2 microPa ♦ 1%. 
Procedures and techniques that permit this performance are detailed 
For hot-cathcdn ion gauges, the magnitudes of tyrtamatic corrections 
tor envelope temperature and grid current are also indicated. 

I Author I 


AS 1 17906 * Surface flaw detection in structural ceramics 

by scanning photoacoustic spectroscopy. P K Khandelwal, P W 

Heilman (General Motors Corp , Detroit Diesel Allison Div., India 
napolis, Ind ), T D Wakefield (Gilford Instrument Laboratories, 
Inc., Oherlin, Ohio), and A. J. Silversmith. Applied Physics Letters. 
vol 37. Nov 1. 1960. p 779 781 9 refs. Research supported by the 
U S Department of Energy; Contract No. DEN3 1 7. 

Laser scanned photoacoustic spectroscopy has been used to 
detect tightly closed surface cracks in three structural ceramic 
materials sintered silicon nitride, reaction bonded silicon nitride, 
and sintered silicon carbide It is found that the amplitude of tne 
photoacoustic Signal from the flaws is greater tor the silicon nitrides 
than for silicon carbide, which is attributed to the lower thermal 
diffusivity of silicon nitride as well as differences in the grain si it 
distribution and chemical composition. Signal amplitude, repro- 
ducibility. and signal to noise ratio are acceptable for effective flaw 
detection. V.L. 


AS1 30000 * a Evaluation of a method for heat transfer 

measurements and thermal visualiration using a composite of a 
heater element and liquid crystals. S A Hippereteele. L. M Russell, 
an u F S Stepka (NASA. Lewis Research Centei, Cleveland. Ohio) 
American Society ot Mechanical Engineers Gas Turturro Conference 
and Products Show, Houston Ten., Met 9 12. 1981. Paper 

81-GT 93 9 p 16 refs Members. S2 00. nonmembers. $4 .00. 

Commercially available elements of a composite consisting of s 
plastic sheet coated with liquid crystal, another sheet with a thin 
layer of a conducting material (gold or carbon), and copper bus bar 
strips were evaluated and found to provide a simple, o evenunt, 
accurate, and low-cast measuring dev-ce for use in hxat transfer 
research. The particular feature ot the composite a ts ability to 
obt.m local heat transfer coefficients arid isotherm patterns that 
provide visual evaluation ot the thermal performances of turb. •* 
blade cooling configurations E • ample* of ttw use ot the composite 
are presented (Author) 
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37 mechanical engineering 

includes auxiliary systems (non power) machine 
elements and pi <sse$ and mechanical equipment 


N81-11334*f National Aeronautics and Space Administration 
Lawis Reseaich Canter. Cleveland Ohio 

ANISOTROPIC TRIBOLOGICAL PROPERTIES OF SIUCON 
CARBIDE 

Kazuhisa Miyoshi and Donald H Buckley I960 20 p rals 

Proposed lor presentation at the Intern Coni on Wear ol Materials 
San Francisco 30 Mar 1 Apr I960 

INASA TM 81547 E 5051 Avail NTIS HC A02/MF A01 CSCL 

110 

The anisotropic Inction. deformation and fracture behavior 
of single crystal silicon carbide surfaces weo investigated in 
two categories The categories were called adhesive and abrasive 
wear processes respectively In the adhesive wear process, the 
adhesion friction and wear of silicon carbide were markedly 
depeirdent on crystallographic orientation The force to reestablish 
the shearing fracture of adhesive bond at the interface between 
silicon carbide and metal was the lowest in the preferred 
orientation of silicon carbide slip system The fracturing of silicon 
carbide occurred near the adhesive bond to metal and it was 
due to primary cleavages of both prismatic ( 101 HOI and basal 
(00011 planes RCT 


N8111396*# National Ae-onautics and Space Administration 
Lewi' Research Center Cleveland. Ohio 

E.'FECT OF TANGENTIAL TRACTION AND ROUGHNESS 
ON CRACK INITIATION/PROPAGATION DURING ROLUNG 
CONTACT 

Nonmune Soda (Tokyo Umv Japan) and Takashi Yamamoto (Tokyo 
Umv of Agriculture and Technology Japan) 1980 37 p refs 
Proposed tor presentation at the 36th Ann Meeting of ASLE. 
Pittsburgh. 11 14 May 1981 

(NASA TM 81608 E f04l Avail NTIS HC A03/MF A01 CSCL 
20K 

Rolling fatigue tests ol 0 45 percent carbon steel rollers 
were carried out using a four roller type rolling contact fatigue 
tester Tangential traction and surface rougnness of the haider 
mating rollers were varied «nd their effect was studied The 
results indicate that the fatigue life decreases when Paction ■$ 
applied m the same direction as that of rolling When the direction 
of fraction is reversed the life increases over that obtained with 
zero traction The roughness of herder mating roller also has a 
marked infuence on life The smoother the mating roller the 
longer the life Microscopic observation of specimens revealed 
that the initiation of cracks during the early stages of life is 
more strongly influenced by the surface roughness while the 
propagation of these cracks m the latter stages is affected mainly 
by the tangent al traction Author 


N81-13367*f National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

DESIGN STUDIES OF CONTINUOUSLY VARIABLE TRANS- 
MISSIONS FOR ELECTRIC VEHICLES 

Richard J Parker Stuart H Loewenthal and Gec'ge K Fischer 
1981 18 p refs Presented at SAE Conor Detroit 23-27 

Feb 1981 

(Contract EC 77 A 31 10441 

(NASA TM 81642 E 588 DOE/ NASA/ 1044 1 7) Avnl NTIS 
HC A02/MF A01 CSCL 131 

Preliminary design studies were performed on four contin- 
uously variable transmission iCVT) concepts for use with a flywheel 
equipped electric vehicle of 1 700 kg gross weight Requirements 
of the CVTs we<* a maximum torque of 450 N m 1330 lb ft) 
a maximum output r*ower of 75 kW (100 hp) and a flywheel 
speed range of 28 001 to 14 000 rpm Efficiency size, weight 
coet. ra lability mointameoility and controls were evaluated for 
each of the four concepts which included a steel V belt type a 
flat rubber be.t type a to'oidal traction type and a cone roller 
traction type All CVTs eshibited relatively h.gh calculated 
efficiencies 1 68 percent to 97 percent) over a broad range of 


vehicle opeiating conditions Estimated weight and size of these 
transmissions will comparable to or less than equivalent 
automatic transmission The design of each concept was carried 
thiough the design layout stage A R H 


N81- 13388*# National Aeronautics and Space Administration 
Lewis Research Center. Oeveln d. Ohio 

ELASTOHYDRODYNAMIC LUBRICATION OF ELLIPTICAL 
CONTACTS 

Bernard J Hamrock 1981 13 p refs Proposed for presentation 
at the 1st Symp INTERTRIBO '81. Stbske Pleso. Czechoslovakia 
27 29 Apr 1981 

(NASA TM-8 1647. £ 683) Avail NTIS HC A02/MF A01 CSCL 
1 1 H 

The determination of the minimum film thickness within 
contact is considered for both fully flooded and starved conditions 
A fully flooded conjunction is one in which the film thickness is 
not significantly changed whan the amount of lubricant is 
increased The fully flooded results presented show the influ- 
ence of contact geometry on minimum film thickness as expressed 
by the ellrpticity parameter and the dimensionless speed, load, 
and materials parameters These results are applied to materials 
of high elastic modulus (hard EHL). such as metal, and to materials 
o* low eastic modulus (soft EHL). such as rubber In addition to 
the film thickness equations that are developed, contour plots 
of pressure and film thickness are given which show the essential 
features of elastohydrodynamically lubricated conjunctions The 
crescent shpped region of minimum film thickness, with its side 
lobes in which the separation between the solids is a minimum, 
clearly emerges in the numerical solutions In addition to the 
3 presented for the fully flooded results. 15 more cases are 
used for hard EHL contacts and 18 cases are used for soft EHL 
contacts in a theoretical study of the influence of lubricant 
starvation on film thickness and pressure ' rom the starved -esults 
for both hard and soft EHL contacts, a simple and important 
dimensionless inlet boundary distance is specified This inlet 
boundary distance defines whether a fully flooded or a starved 
damage and phase change processes Classes of useful experi 
ments in this area are given Author 


N81 14322*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COMPARISONS OF MODIFIED VASCO X 2 AND AISI 
9310 GEAR STEELS 

Dennis P Townsend and Erwin V Zc retsky Nov 1980 19 p 

refs 

INASA TP 1731 E 070) Avail NTIS HC A02/MF A01 CSCL 
131 

Endurance tests were conducted with four groups of spur 
gears manufactured from three heats of consumable electrode 
vacuu-n melted (C7M) modified Vasco X 2 Endurance tests were 
also conducted with gea-s manufactured from CVM AISI 9310 
Bench type rolling element fatigue tes's were conducted with 
both materials Hardness measurements were made to 8 1 1 K 
ihere was no statistically significant life difference between the 
two matena's Life differences between the different heats of 
modified Vasco X 2 can be attributed to heat treat variation 
and resultant hardness Carburization of gear flanks only can 
eliminate tooth fracture as a primary failure mode for modified 
Vasco X 2 However 3 tooth surface fatigue spall can act as a 
nucleus of a troth fracture failure for the modified Vasco X-2 

Author 


N81- 1B3B7*| National Aeronautics ar.d Space Adminisuotron 
Lewis Research Centei Cleveland Ohio 

AXIAL FORCE AND EFFICIENCY TESTS OF FIXED CENTER 
VARIABLE SPEED BELT DRIVE 

David J Bents 1981 31 p refs Proposed for presentation 

at Soc of Automotive Engr Intern Congr and Exposition. Detroit 
23 27 Feb 1981 
(Contract 0E A101 77CS 51044) 

INASA TM 81652 DOE/ NASA / 5 1044-13 E 669) Avail 
NTIS HC A03/MF A01 CSCL 131 

An investigation of how the axial force varies with the 
centerline force at different speed ratios speeds and loads and 


80 


how the drive s transmission efficiency >s affected by these related 
forces is described The tests intended to provide a preliminary 
performance and controls characterization for a variable speed 
belt drive continuously variable transmission iCVT) consisted of 
the design and construction of an experimental test ng geometn 
cally similar to the CVT and operation ol that ng at selected 
speed ratios and power levels Data are presented which show 
how axial forces exerted on the driver and driven sheaves vary 
with the cente'line force at constant values of speed ratio speed 
and output power how the transmission efficiency vanes with 
centerline force and how it is also a function of the V belt 
coefficient and the axial forces on both sheaves as normalized 
functions of the traction coefficient T M 


N81- 16474*# National Aaronautics and Space Administration 

Lewis Research Canter. Cleveland Ohio 

SELF ACTING GEOMETRY FOR NONCONTACT SEALS 

Li P Allen 1981 19 p refs Proposed for presentation at 

Ann Meeting of ASLE Pittsburgh. 11-14 May 1981 

(NA'A TM 81659. E 473) Avail NTIS HC A02/MF A01 CSCL 

Performance ot two self acting seal designs for a liquid 
oxygen (LOXI turbopump was predicted over ranges of pressure 
differential and speed Predictions were compared with test results 
Performance of a radial face seal for LOX was prsdicted up to 
448 N/cu cm and 147 m/sec Performance of a segmented 
circumferential seal for helium >vas predicted up to 69 N/cu 
cm and 189 m/sec Results contvmed predictions of noncontact 
operation Qualitative agreement between test end analysis was 
found The LOX face seal evidently operated with moetly liquid 
m the self t :tmg geometry and mostly gas acioss the dam 

Author 


NS117436*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

COMPUTER PROGRAM DOCUMENTATION FOR THE 
DYNAMIC ANALYSIS OF A NONCONTACTING MECHANI- 
CAL FACE SEAL 

B M Auer and I Etsion Nov 1980 47 p refs 
(NASA-TM-81636 E 650) Avail NTIS HC A03/MF A01 CSCL 
1 1 A 

A computer program is presented which achieves a numerical 
solution fe. the equations of motion of a noncontacting mechanical 
face seal The flexibly-mounted primary seal ring motion is 
expressed by a set of second order differential aquations for 
three degrees of freedom Tliase equations are reduced to a set 
nf first order equations and the GEAR software package ta used 
to solve the set of first order equations Program input includes 
seal design parameters and seal operating conditions Output 
from the program include velocities and displacements of the 
seal nng about the axis of an martial reference system One 
example problem is described M G 


N81-17436*| National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

DESIGN OF SPUR GEARS Fr IMPROVED EFFICIENCY 
Ned E Anderson (Army A vial. Research and Development 
Commend Cleveland) and Stuart H Loewenthal 1981 17 p 

refs Presented at ASME Western Design Eng Conf Anaheim. 
Cakf. 9-11 Dec 1980 and propoeed for prasentation at ASME 
Design Eng Conf Chicago. 27-30 Apr 1981 Prepared in 
cooperation with Army Aviation Research and Development 
Command, L. avals nd 

(NASA TM-8 1625 E 630 AVRADCOM-TR C1-C-3) Avail 
NTIS HC A02/MF A01 CSCL 131 

A method to calculate spur gear system loss for a wide 
range of gear geometries and operating conditions was used to 
determine design requirements for an efficient gearset The effects 
of spur gear sue pitch ratio oitch line velocity and load on 
efficiency were determined Peak efficiencies were found to be 
greater for large diameter and fine pitched gears and tare (no- load) 
losses were found to be significant R C T 


N91 -18391*1 National Aeronautics and Space Administration 
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HISTORY OF SALL SEARINGS 

Duncan Dowson (Leeds Univ England) and Barnard J Hamrock 
Feb 1981 84 p rafa 

(NASA TM 81689 E 209) Avail NTIS HC A05/MF A01 CSCL 
131 

The familiar precision rolling element bearings of the twentieth 
century are products of exacting technology and sophisticated 
science Then very effectiveness and basic simplicity of form 
may discourage further interest in their history and development 
Yet the full story covers a large portion of recorded history and 
surprising evidence of an early recognition of the advantages of 
rolling motion over sliding action and progress toward the 
development of rolling element bearings The development of 
rolling-element bearings is followed from the earliest civilizations 
to the end of the eighteenth century The influence of general 
technological developments particularly those concerned with the 
movement of large building blocks road transportation instru- 
ments water-raising equipment, and windmills are discussed 
together with the emergence of studies of the nature of rolling 
friction and the impact of economic factors By 1800 the 
essential features of b.,11 and rolling -element bearings had emerged 
and it only remained for precision manufacture and mass 
production to confirm the value of these fascinating machine 
elements Author 
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INTRODUCTION TO BALL BEARINGS 

Bernard J Hamrock and Duncan Dowson Feb 1981 86 p 

refs 

(NASA TM-8 1690 E-209) Avail NTIS HC A05/MF A01 CSCL 
131 

The purpose of a ball bearing is to provide a ralative positioning 
and rotational freedom while transmitting a load between two 
structures, usually a shaft and a housing For high rotational 
speeds (a g . in gyroscope ball bearings) the purpose can be 
expanded to include rotational freedom with practically no wear 
in the bearing This condition can be achieved by separating the 
bearing parts with a coherent film of fluid known as an 
elastohydrodynamic film This film can be maintained not only 
when the bearing carries the load on a shaft but also when 
the bearing is preloaded to position the shaft to within micro- 
oi nano inch accuracy and stability Background information on 
ball bearings is provided different tyoes of ball bearings and 
their geometry and kinematics are defined bearing materials 
manufacturing processes and separators are discussed It is 
assumed for the purposes of analysis that the bearing carries 
no load Author 
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METHOD OF COLO WELDING USING ION SEAM TECHNOL- 
OGY Patent 

Bernard L Sater inventor (to NASA) Issued 20 Jan 1981 
5 p Filed 28 Jut 1978 Supersede. N78 28459 116 - 19 
p 2534) 

(NASA Case LEW 12982 1 US-Patent 4.245 768 
US Patent AppI SN 929084 US Patent Uses 228 1 16 
U S Patent Class 228 205 US Patent Class 204 192E) Avail 
US Patent and Trademark Office CSCL 13H 

A method for cold welding metal lomts is described In 
order io remove tne contamination layer on the surface of the 
metal, an ion beam generator is used in a vacuum environment 
A gas such as xenon or argon is ionized and accelerated toward 
the metal surface The beam of gas effectively sputters away 
the surface oxides and contamination layer so that clean underlying 
metal is exposed m the area to be welded The use of this 
method allows cold welding with minimal deformation Both 
similar and dissimilar metals can be cold welded with this 
method Official Gazette of the U S Patent and Trademark Office 
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NIMMM'f National Aeronautics and Spaca Administration 
Law t« Haaaaich Cantai Oavaland Ohio 

PERFORMANCE OF JIT ANO INNER RING LUBRICA^D 
36 MILLIMETER •ORE BALL BEARINGS OPERATING TO 
2.6 MILLION ON 

Fredrick Schuller T and Han* R Signal Fab 1901 15 p 

rail 

INASA TP 1808 E 5151 Avail NTIS HC A02/MF A01 CSCL 
131 

Parametric lean were conducted with a 35 millimetei boie 
angular contact ball baanng having a tingle outer land guided 
cage Lubrication waa achieved by (lowing oil through axiai grooves 
and radial holes machined in the innai ring ol the bearing Test 
conditions wars a thrust load ol 667 N 1 1 50 lb) shaft speeds 
from 46.000 to 72.000 rpm and an oil mist temperature ol 
304 K 1250 F) Data from tests where the distribution ol the 
total Oil supplied to the inner ring was 50 percent (or bearing 
lubrication and 50 percent lor bearing inner ring cooling were 
compared with those where the distribution pattern was 
25 percent lubrication and 75 percent cooling Successlul 
operation was experienced with both the 50 50 and 25 75 percent 
flow distribution patterns to 2 5 million ON The 50 50 percent 
(low pattern provided the cooler bearing operation ol the two 
inner ring lubricated bearings The |et lubricated bearing had 
lower outer ring and higher inner ring temperatures than the 
inner ring lubricated bearings Maximum power loss ol 2 0 kW 
13 7 hpl was experienced with the 25 75 percent flow distribution 
and maximum percent cage slip ol 7 0 occurred at 72 300 rpm 
with the 50- 50 percent flow distribution Author 


N81-1B4B0*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ADVANCED CONTINUOUBLY VARIABLE TRANSMISSIONS 
FOR ELECTRIC AND HYBRID VEHICLES 

Stuart H Loewenthal 1980 29 p refs Presented at Electric 
and Hybrid Vehicle Advanced Vehicle Seminar Pesadena Calif 
8 9 Dec 1980 

(Contract DE AI0177CS 51044) 

(NASA TM 81718 DOE/NASA/51044 17 E 7521 Avail 
NTIS HC A03/MF AO I CSCL 13F 

A bnel survey ol past and present continuously variable 
transmissions (CVT| which are potentially suitable lor appl. cation 
with electric and hybrid vehicles is presented Discussion ol general 
transmission requirements and benefits attainable with a CVT 
lor electric vehicle use is given The arrangen<ent and function 
ol several specific CVT concepts are cited along with then current 
development status Lastly the results of preliminary design 
studies conducted under a NASA contract lor OOE on lout CVT 
concepts lor use in advanced electric vehicles are reviewed 

Author 


NS1 20423*1 National Aeronautics and Spaca Administration 
Lewis Research Centar. Oavaland Ohio 

LIFE ANALYSIS OF MULTIROLLER PLANETARY TRACTION 
DRIVE 

John J Coy (Army Aviation Research and Development Command 
Oavaland Ohio! Douglas A Rohn and Stuart H Loewenthal 
Apr 1981 16 p refs Prepared in cooperation with Army 

Aviation Research and Development Command Oavaland 
INASA TP 1710 AVRADCOM TR 80 C 16 E 484) Avail 
NTIS HC A02/MF A01 CSCL 131 

A contact fatigue life analysis was performed for a constant 
ratio Nasvytis MultiroUer Traction Drive The analysis was based 
on the lundbs.g Palmgren method lor rolling element bearing 
life prediction Life adiustment (actors lor materials, processing 
lubrication and traction were included The 14 7 to 1 ratio drive 
consisted ol a single stage planetary configuration with two 
rows of stepped planet rotleiS ol five rollers per row having a 
roller duster diameter of approximately 0 21 m. a width ol 
0 06 m and a weight of 9 kg Drive system 10 percent 
ranged horn 18 800 hours at 16 6 kW 122 2 hpl and 25 000 n 
sun roller speed to 306 hours at maximum operating condition, 
of 149 kw (200 hp) and 75 000 rpm sun roller speed The 
effect ol roller diameter and roll* center location on life were 
date' mmrd It was found that an optimum f» geometry exists 

Author 


N8 1-20424*# National Aeronautics and Spaca Administration 
Lewie Reaearch Center Cleveland Ohio 

SPUTTERING AND ION PLATING FOR AEROSPACE 
APPLICATIONS 

T Spatvms 1981 14 p refs Proposed lor presentation at 

Natl Coni ol the Am Electroplaters Soc Boston 28 Jun • 
2 Jul 1981 

(NASA TM 61726. E 778) Avail NTIS HC A02/MF A01 CSCL 
13H 

Sputtering and ion plating technologies are reviewed in terms 
ol their potential and present uses in the aerospace industry 
Sputtering offers great universality and flexibility in depositing 
any matenal or in the synthesis of new ones The sputter deposition 
process has two areas of interest thin film and fabrication 
technology Thin film sputtering technology is primarily used for 
aerospace mechanical components to reduce Inchon wear 
eroeion. corrosion, high temperature oxidation difluaion and 
fatigue and also to sput.er construct temperature and strain 
sensors for aircraft engines Sputter fabrication ie used in intricate 
aircraft component manufacturing Ion plating applications are 
discussed in terms ol the high energy evaporant flux and the 
high throwing power Excedt • adherence and 3 dimensional 
coverage are the primary attributes of this technology Author 


NS121J66*! National Aeronautics and Space Administration 
Lewia Research Canter. Cleveland Ohio 

EFFECT OF SURFACE ROUGHNESS ON HYDRODYNAMIC 
BEARINGS 

Banfcim C Maiumdar and Bernard J Hamrock 1981 24 p 

refs Proposed lor presentation at Joint Lubrication Coni New 
Orleans. 5 7 Oct 1981 sponsored by ASME and ASLE 
(NASA TM 81711 E-698) Avail NTIS HC A02/MF A01 CSCL 
131 

A theoretical analysia on the performance of hydrodynamic 
oil bearings is made conaidenng surface roughness effect The 
hydrodynamic aa well aa asperity contact loan is found The 
contact presaure was calculated with the assumption that the 
surface height distribution was Gaussian The average Reynolds 
equation of partially lubricated surface was used tc calculate 
hydrodynamic load An analytical expression lor average gap was 
found and was mtioduced to modify the average Reynolds 
aquation The resulting boundary value problem was then solved 
numerically by Knits difference methods using the method of 
successive over relaxation The pressure distribution and 
hydrodynamic load capacity of plane slider and tournal bearings 
were calculated for various design data The effects of attitude 
aid roughness of surface on the bearing performance were shown 
The results are compared with similar available solution of rough 
surface beanngs It is shown that (1) the contribution ol 
cor tact load is not significant, and (2) the hydrodynamic and 
contact load increase with surface roughness Author 
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COMBUSTION OF SOLID CARBON BOOS IN ZERO AND 
NORMAL GRAVITY Ph.D Thesis - Toledo Unhr . Ohio 
Charier M Spuckler May 1901 181 p refs 

(NASA TM 81728 E 7711 Avail NTIS HC A09/MF AOI CSCL 
218 

In o<der to investigate the mechanism of carbon combustion 
and to assess the importance ol gravitational induced convection 
on the pmcess zero and normal gravity axperiments ware 
conducted m which spectroscopic carbon rods were resistance 
•gnitied and burned in dry oxygen environ nents In the zero 
gravity drop tower tests a blue flame surrounded the rod showing 
that a gas phase reaction m which carbon monoxide was oxidised 
to ctrbon dioxide was taking place The ratio of flame dm meter 
to rod diameter was obtained as a function of time It was 
found that this ief« was inversely proportional to both 'he 
oxygen pressure and the rod diameter In the normal gravity 
tests direct mass apectrometric sampling was used to n-eatur* 
gas phase concentrations The gas sampling probe was positioned 
near the circumference of a horizontally mounted 0 615 cm 
diameter carbon rod either at the top or at angles of 45 deg 
to 90 deg from the top and yielded concentration profiles of 
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C02. CO and 02 at a function of dittanca from tha surface 
The mechamcm controlling the combustion process eras found 
to change from chemical procats control at the 90 deg and 
46 deg probe positions to mass i.antfer control at the 0 deg 
probe position at the top of the rod Under the experimental 
conditions used, carbon combustion was characterized by two 
surface reactions 2C + 02 yields 2C0 and C02 + C yields 
2C0. and a gat phase reaction. 2C0 ♦ 02 yields 2C02 JMS 


Ml 122 340*1 National Aeronautics and Space Administration 
Lewie Research Center Cleveland Ohio 
MULTIPLE FLAT! HYDROSTATIC VISCOUS DAMPER 
Pstsst Apgboebon 

L P Ludwig, inventor (to NASA) Filed 27 Feb 1981 7 p 
(NASA-Ceee LEW 12446 1. US Patent Appl SN 238887) Avail 
NTIS HC A02/MF A01 CSCL 131 

A device for demping radial motion of a rotating shaft is 
described The damper comprises a tenet of spaced plates 
extending m a radial direction A hydraulic piston it utilized to 
piece a load m these plates Each annular plate is provided 
with a suitable hydrostatic beanng geometry on at least one cf 
its faces Thn structure provides a high degree of dampening in 
a rotor case system of turbomachinery in general The damper 
is particularly useful in gas turbine engines NASA 


N81 -24442* National Aeronautics and Space Administration 

Lewis Research Canter Cleveland Ohio 

SELF STABILIZING RADIAL FACE SEAL Patent 

Izhak Etsion inventor (to NASA) (Technion Research and 

Development Foundation Ltd Haifa Israel) Issued 7 Jan 1981 

6 p Filed 17 Nov 1970 Supersedes N79 12445 (17 03 p 

03331 Sponsored by NASA 

(NASA Case LEW 12991 1 US Patent 4 260 166 

US Patent AppI SN 961 832 US Patent Class 277 96 I Avail 

US Patent and Trademark Office CSCL 11A 

A self stabilizing radial face seal comprises an axial member 
and a primary seal ring luxtapositioned to a seal seat At least 
one t rimary seel ring and seal seat unit is affixed to the axial 
mem'ter so as to rotate with it The primary seal ring has a 
front face which opposes a face of the seal seat The seal has 
both high-pressure and low pressure regions of fluid and seal 
seat is provided with a porous ring like circumferential structure 
in the face of the seal seat opposite the front face of the primary 
seal ring 

Official Gazette of the U S Patent and Trademark Office 


N81 28447* National Aeronautics and Space Administration 

Lewis Research Centar Cleveland Ohio 

CIRCUMFERENTIAL SHAFT BEAL Patent 

Lawrence P Ludwig inventor (to NASA) Issued 12 May 1961 

4 p Filed 7 Dec 1979 Supersedes N80 18401 (18 09 

p 1146) Division of US Patent Appl SN-672219 filed 21 Mar 

1976 US Patent 4 212 477 

(NASA Case LEW 12119 2 US Patent 4 266 788 

U S Patent - Appl SN - 1 02004 US Patent Oast 277 193 

US Pitent-Class 277 153 US Patent 4 212 477 

US-Patant-Appl-SN-6722 19) Avz.l US Patent and Trademark 

Office CSCL 1 1 A 

A circumferential shah teal comprising two sealing rings 
held to a rotating shaft by means of a turroundinj elastomeric 
band is disclosed The rings are segmented and are of a rigid 
sealing material such as carbon or a pofyimide and grsrhite 
fiber composite 

Official Gazette of the U S Patent and Trademark Office 
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SURFACE GEOMETRY OF CIRCULAR CUT SPIRAL REVEL 
GEARS 

R L Huston (Cincinnati Unrv ) and John J Coy 1981 23 p 

reft Presented at the NASA-AVRADCOM Symp on Advan 


Power Transmission Technol Cleveland 9-11 Jun 1981 and 
proposed for presentation at the Design Eng Tech Conf . Hartford. 
Conn. 20-23 Sep 1981. sponsored by the American Society 
of Mvchemcal Engineers 
(Grant NsG-3188) 

(NASA-TM-82622. E-973. AVRADCOM TR 81 -C 1 3) Avail 
NTIS HC A02/MF A01 CSCL 131 

The tooth surface principal radii of curvature of crown (flat) 
gears ware determined Specific results are presented for involute, 
straight and hyperbolic cutter profiles It it shown that the 
geometry of circular cut spiral bevel gears ts somewhat simpler 
than a theoretical logarithmic spiral bevel gear A R H 
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SURFACE FILMS AND METALLURGY RELATED TO 
LUBRICATION AND WEAR Ph D Thesis Tokyo Inst, of 
Technology 

Donald H Buckley Jul 1981 218 p refs 

(NASA TM 82645 E 9001 Avail NTIS HC A08/MF A01 CSCL 

1 1H 

The nature of the tribological surface is identified and 
characterized with lespect to adhesion, friction wear and 
lubricating properties Surface analysis is used to identify the 
role of environmental constituents on tribological behavior The 
effect of solid to solid interactions foi metals in contact with 
metals ceramics semiconductors carbons and polymers is 
discussed The data presented md.cate that the tribological surface 
is markedly different than an ideal solid surface The environment 
is shown to affect strongly the behavior of two solids in contact 
Results also show that small amounts of alloying elements ip 
base metals can alter markedly adhesion friction and wear by 
segregating to the solid sur'ace A R H 
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OPTIMAL TOOTH NUMBERS FOR COMPACT STANDARD 
SPUR GEAR SETS 

Michael Savage (Akron Uruv I John J Coy and Dennis P 
Townsend 1981 33 p refs Proposed for presentation at the 
Design Eng Tech Meeting Hartford Conn 20-23 Sep 1981 
Sponsored by ASME and presented at the NASA AVRADCOM 
Symp on Advan Power Transmission Technol Cleveland 9 11 
Jun 1981 Piepnred in cooperation with Army Aviation Research 
and Development Command Cleveland 
(Grant NAG3 551 

(NASA TM 82614 E 865 AVRADCOM TR 81 C 151 Avail 
NTIS HC A03/MF A01 CSCL 131 

The design of a standard gear mesh is treated with the 
obiective of minimizing the gear size for a given ratio pinion 
torque and allowable tooth strength Scoring pitting fatigue 
bending fatigue and the kinematic limits of contact ratio and 
interference are considered A design space is defined in terms 
ol the number of teeth on the pinion and the diametral prtch 
This space is then combined with thu obiective function of 
minimum center distance to obtain an optimal design region 
This region defines the number of pinion teeth for the most 
compact design The numbei is a function of the gear ratio 
only A design example illustrating this procedure is also given 

Author 
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A METHOD OF SELECTING GRID SIZE TO ACCOUNT FOR 
HERTZ DEFORMATION IN FINITE ELEMENT ANALYSIS OF 
SPUR GEARS 

Jonn J Coy and Chanes Hu Chih Chao t Northwestern Umv I 
1981 27 p refs Proposed for piesentation at the Design 

Eng Tech Conf Hartford Conn 20 23 Sep 1931 sponsored 
by ASME Prepared in cooperation with Army Aviation Research 
and Development Command Cleveland 

INASA TM 82623 E 728 AVRADCOM TR 81 C 141 Avail 
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NTIS HC A03/MF A01 CSCl 131 

A method of selecting grid sue lot the finite element 
enelysis of geei tooth deflection is presented The method is 
besed on a finite element study of two cylinder in line contact 
where the criterion toi establishing element sue was that there 
be agieement with the classical Hertzian solution for deflection 
The lesults are applied to calculate deflection for the gear specimen 
used in the NASA spur geai test rig Comparisons are made 
between the present results and the results of two other methods 
of calculation The results have application in design of gear 
tooth profile modifications to reduce noise and dynamic loads 

S F 
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SURFACE ROUGHNESS EFFECT ON FINITE OIL JOURNAL 
BEARINGS 

B C Maiumdat and B J Hamrock 1981 27 p refs Proposed 
for presentation at the Intern Conf on Optimum Resources 
Utilization through Tribo Terrotechnol end Maintenance Manage 
ment at the Indian Inst of Technol New Delhi 30 Nov 
6 Dec 1981 

(NASA TM 82639 E 894) Avail NTIS HC A03/MF A01 CSCL 
131 

A theoretical study of the performance of finite oil journal 
bearings is made considering the surface roughness effect The 
total load supporting ability under such a condition derives from 
the hydrodynamic as well as asperity contact pressure These 
two components of load are calculated separately The average 
Reynolds equation for partially lubricated surfaces is used to 
evaluate hydrodynamic pressure An analytical expression for 
average film thickness 'S obtained and introduced to modify the 
average Reynolds equation The resulting differential equation is 
then solved numerically by finite difference methods for mean 
hydrodynamic pressure which in turn gives the hydrodynamic 
load Assuming the surface height distribution as Gaussian the 
asperity contact piessure is found The effect of surface roughness 
parameter surface pattern eccentricity ratio and length to 
diameter ratio on hydrodynamic load and on side leakage is 
investigated It is shown lhal hydrodynamic load increases with 
increasing surface roughness when both journal and bearing 
surfaces have identical roughness structures or when the journal 
only has a rough surface The trend or hydrodynamic load is 
reversed if the |Oumal surface is smooth and the bearing surface 
is rough Author 


N31 -28443*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

STRESS CONCENTRATION IN THE VICINITY OF A HOLE 
DEFECT UNDER CONDITIONS OF HERTZIAN CONTACT 
Takeshi Yamamoto iTokyo Umv of Agriculture end Technology). 
Maseo Eguchi (Tokyo Unnr of Agriculture and Technology) and 
Kosho Murayama ITokyo Univ of Agriculture and Technology) 
1981 25 p refs Proposed for presentation at the Joint 

Lubrication Conf. Now Orleans 5 7 Oct 1981 sponsored by 
ASME and the American Society of Luoncetion Engineers 
( NASA TM 82649 E 907) Avail NTIS HC A02/MF A01 CSCL 
20K 

Two dimensional photoelastic stress cnalyses were conducted 
for epoxy resin models containing a hole defect under the 
con. rtions of Hertzian contact Stress concentretions around the 
defect were determined as a function of several parameters 
The effect of tangential traction on the stress concentration was 
also determined Sharp stress concentrations occur in the 
vicinity of both the left and the right side cf the hole The 
s'ress concentretion becomi t more distinct the larger the hole 
diameter and the smeller distance between the hole and the 
contact surface The stress concentration is greatest when the 
disk imposing a norma' load is located at the contact surface 
directly over the hole Tha magnitude and the location of stress 
concentrition vanes with the distance between tha Hertzian 
contact area and the hple The area involved in a process of 
rolling contact fatigue is confined to a shallow region at both 
sides of the hole It was found that the effect of tangential 
traction is comparatively small on the stress concentration aro .nd 
the hole E A K 


NS1 -28444*# National Aeronautics and Space Admimetration 
Lewis Research Center. Cleveland. Ohio 

SIMPLIFIED SOLUTION FOR STRESSES AND DEFORMA- 
TION 

Barnard J Hamrock and David E Brews 1BS1 26 p refs 
Proposed for presentation at the Joint Lubrication Conf New 
Orleans. 5-7 Oct 1981 sponsored by tha Am Soc of Lubrication 
Eng and ASME Prepared m cooperation with Army Aviation 
Research and Development Command Cleveland 
INASA TM-82647 E 906 AVRADCOM-TR 81 C 141 Avail 
NTIS HC A02/MF A01 CSCL 20K 

Conventional contact deformation analysis for ball bearing’ 
gears, and cams involves tedious iterative procedures or the use 
of design charts A simplified approach that makes the elastic 
deformation at the center of contact easy to calculate was 
previously reported The range of validity in which these equations 
can be used is extended A simplified approach to the calculation 
of the location and magnitude of subsurface stresses developed 
in machine element applications is included S F 


N81 -2S438*f National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 

ANALYSIS OF STARVATION EFFECTS ON HYDRODYNAM- 
IC LUBRICATION IN NONCONFORMING CONTACTS 
David E Brews and Bernard J Hamrock 1981 32 p refs 

To be presented at the Joint Propulsion Conf of Lubrication 
Engr and ASME. New Orleans. 5-7 Oct 1981 Prepared in 
cooperation with Army Aviation Research and Development 
Command. Cleveland 

(NASA TM-82668 E-773 AVRADCOM-8’-C-17) Avail NTIS 
HC A03/MF A01 CSCL 131 

Numerical methods were used to determine the effects of 
lubricant starvation on the mir.mum film thickness under 
conditions of a hydrodynamic point contact Starvation was 
effected by varying the fluid ir.lat level The Reynolds boundary 
conditions were applied at the cavitation boundary and zero 
pressure was stipulated at the meniscus or inlet boundary A 
minimum-fill-thickness equation as a function of both the ratio 
of dimensionless load to dimensionless speed and inlet supply 
level was determined By comparing the film generated under 
the starved inlet condition with the film generated from the 
fully flooded inlet, an expression for the film reduction factor 
was obtained Based on this factor a starvation threshold was 
defined as well as a critically starved inlet The changes in the 
inlet pressure buildup due to changing the available lubricant 
supply are presented in the form of three dimensional isometric 
plots and also in the form of contour plots Author 


N81 -28439* # National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Oh o 

ENDURANCE TESTS WITH LARGE BORE TARERED- 
ROLLER SEARINGS TO 2.2 MILUON ON 

Richard J Parker. H R Signer (Industnal Tectonics Inc I and 
S I Pinel (Industrial Tectonics. Inc ) 1981 23 p refs Proposed 
for presentation at the Joint Lubrication Conf . New Orleans 
5-7 Out 1981. sponsored by Am Soc of Lubncat'on Engr and 
ASME 

(NASA TM 82669 E-726) Avail NTIS HC A02/MF A01 CSCL 
131 

Endurance life tests were run with standard design and 
optimized high-speed design 1 20 66-mm (4 750-in -I bore 
tapered -roller bearings at shaft speeds of 12.500 and 
16 500 rpm respectively Standard design bearings of vacuum 
melted AISI 4320 end CBS IOOOM and high-speed design 
bearings of CBS- 1000M and through-hardened AISI M-50 were 
run under heavy combined radial and thrust load until fatigue 
failure or until a preset cutoff time of 1 1 00 hours was reached 
Standard design bearings made from CBS IOOOM material ran 
to a 10 percent life approximately six times rated catalog life 
Twelve identical beannga of AISI 4320 material ran to ten times 
rated catalog life without failure Cracking and fracture of the 
cones of AISI M-50 high speed design bearings occurred at 
18 500 rpm due to high tensile hoop stresses Four CBS 1000M 
high speed design bearings ran to twenty-four times rated 
catalog life without any spelling cracking or fracture failures 

Author 
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N81 29440*1 National Aaronautica and Spaca Admmiatration 
Lewis Research Cental Cleveland Ohio 

EFFECTS OF ULTRA-CLEAN AND CENTRIFUGAL FILTRA- 
TION ON ROLLING-ELEMENT BEARING LIFE 

Stuart H Loawenthal. Donald W Moyar (Tribon Bearing Co ). 
and William M Needelman (Pall Corp . Gian Cova. NY) 1981 
34 p rah Propoaad for praaantation at the Joint Lubrication 
Conf. New Orleans S-7 Oct 1981. sponsored by ASME and 
Am Soc of Lubrication Engr 

(NASA TM 82860 E 9291 Avail NTIS HC A03/MF A01 CSCL 
131 

Fatigue tests were conducted on groups of 85-millimeter 
bora diameter deep groove bell bearings in a MIL-L-23699 
lubricant under two levels of filtration In one test series, the oil 
cleanliness was maintained at an exceptionally high level (better 
than a class 000 par NAS 18381 with s 3 micron absolute 
barrier filter These tests were intended to determine the upper 
limit' in bearing life under the strictest possible lubricant cleanliness 
conditions In the tests using a centrifugal oil filter contami 
nants of the type found in aircraft engine filters were iniected 
into the filters supply line at 125 milligrams per bearing houi 
Ultra clean lubrication produced bearing fatigue lives that were 
approximately twice that obtained in previous tests with 
contaminated oil using 3 micron absolute filtration and ap 
proximetely three times that obtamad with 49 micron filtration 
It was also observed that the centrifugal oil filter had approximately 
the same effectiveness as a 30 micron absolute filter in preventing 
beanng surface damage Author 


N81-31B60*f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

BALL BEARING MECHANICS 

Bernard J Hamrock and Duncan Dow son (Leeds Umv I Jun 
1981 105 p lets Repr from Ball Bearing Lubrication 

Chapter 3. Sep 1981 

INASA TM 81691. E 2091 Avail NTIS HC A06/MF A01 CSCL 
131 

Load deflection relationships for different types of elliptical 
contacts such as those found in a ball bearing are developed 
Simplified expressions that allow quick calculations of deformation 
to be made sirtsp'y from a knowledge of the applied load the 
material properties and the geometry of the contacting elemants 
are presented Ball bearings subiected to radial, thrust and 
combined ball loads are analyzed A design criterion for fatigue 
life of ball bearings is developed The section of a satisfactory 
lubricant as well as describing systems that provide a constant 
flow of lubricant to the contact is considered Author 


NB1 334B4*# National Aeronautics and Space Administration 
Lewis Research Center Oeveland Ohio 

CONTINUOUSLY VARIABLE TRANSMISSION ASSESS 
MENT OF APPLICABILITY TO ADVANCE ELECTRIC 
VEHICLES 

Stuart H Loewenthal and Richard J Parker 1981 32 p lets 

Presented at the 4th Electric Vehicle Council Symp Baltimore 
21 23 Oct 1961 
(Contract DE AI01 77CS :>1044i 

I NASA TM 82700 DOE NASA/51044 23 E 9831 Avail 
NTIS HC A03, MF A01 CSCL 13F 

A brief historical account of the evolution of continuou.lv 
variable transmissions (CVTI for automotive use is given The 
CVT concepts which are potentially suitable for application with 
electric and hybrid vehicles are discussed The arrangement and 
function of several CVT concepts are cited along with their current 
developmental status The results of preliminary design studies 
conducted on lour CVT concepts for use in advanced electric 
vehicles are discussed R C T 


A81 17900* ft Tribological properties of silicon carbide in 
metal removal process. K. Miyoshi and D H. Buckley (NASA. Lewis 
Research Cental. Cleveland. Ohio). American Society of Mechanical 
Engineers International Symposium on Metalworking Lubrication. 
San Francisco. Calif.. Aug. 18. 19. 1980. Paper 16 p. 21 refs 

This paper reviews material properties of adhesion, friction and 
wear of single crystal silicon carbide in contact with metals and 
alloys involved in a metal removal process such as grinding. The 
tribological properties in the metal removal processes are divided into 
properties which remove metal by adhesion between sliding surfaces, 
and metal removal by silicon carbide sliding against a metal, 
indenting it. and plowing a series of grooves or furrows. The papei 
also deals with fracture and deformation characteristics of the silicon 
carbide surface, the adhesion, friction and metal transfer to silicon 
carbide is related to the relative chemical activity of the metals 
Atomic size and content of alloying elements play a dominant role in 
controlling adhesion and friction properties of alloys The friction 
and abrasive weai decrease as the shear strength of the bulk metal 
increases (Author) 


A81 18647 * k Kinematic correction for roller skewing. M 

Savage (Akron. University. Akron, Ohio) and S. H. Loewenthal 
(NASA. Lewis Research Center. Cleveland, Ohio) American Society 
of Mechanical ngmeers. Design Engineering Technical Conference. 
Beverly Hills. Cr.ht . Sept. 28 Oct 1. 1980. Paper 80DET /6 10 p 
14 refs Members, S' 50. nonmembers. S3. 00 Grant No. NsG 3077 

A theory of kinematic stabilization of rolling cylinders is 
developed for high speed cylindrical roller bearings This stabilization 
requires race and roller crowning to produce changes in the rolling 
geometry as the roller shifts axially These changes put a reverse skew 
in the rolling elements by changing the rolling taper Twelve basic 
possible bearing modifications are identified in this paper. Four have 
single transverse convex curvature in the rollers while eight have 
rollers with compound transverse curvature composed of a central 
cylindrical band of constant tadius surrounded by symmetric bands 
with bdth slope and transverse curvature. (Author) 


A81 18668 * a Calculated and experimental data for a 
118-mm bore roller beering to 3 million DN H H Coe and F T 
Schuller (NASA. Lewis Research Center. Cleveland Ohio) American 
Society of Mechanical Engineers and American Society of Lubnca 
non Engineers. Century 2 International Lubrication Conference San 
Francisco, Calif Aug 18 21. 1980. ASME Paper 80 C2 Lub 14 8p 
16 refs Members, $1 50, nonmembers. S3 00 

Operating characteristics for a 118 mm bore cylindrical roller 
bearing were calculated using the computer program CYBEAN The 
predreted results of inner and outer-race temperatures and heat 
transferred to the lubricant generally compared well with expetimen 
tal data for shaft speeds to 3 milhon DN (25.500 rpm). radi.-l loads 
to 8900 N (2000 lb), and total lubricant 'low rates to 0 0102 cu 
m/mtn (2 7 gal/mm). (Author) 


A81 18683 * a Dynamic characteristics of a high speed rotor 
with radial and axial foil-bearing supports. L Licht. W J Anderson 
(NASA. Lewis Research Cer ter, Cleveland. Ohio), and S W Doroff 
(U S Navy, Office of Naval Research. Arlington, Va ) American 
Ooi ery of Mechanical Engineers anil American Society of Lubnca 
tion Engineers Century 2 International Lubrication Conference San 
Francisco Calif Aug 18 21 1980 ASME Paper 80 C2 Lub 35 10 
p 15 refs Members $1 50 nonmembers. $3 00 NASA Navy 
sponsored research 

An asymmetric rotor I19N. 4 3 lb), supported radially and 
axially by compliant bearing is subiected to severe excitation by 
rotating unbalance in the pitching' mode at .peeds to 50.000 ipm 
The resilient, air lubricated bear in* provide very effective damping, 
so thai regions of resonance and instability can be traversed with 
amplitudes and limit tratectones within acceptable bounds A novel 
journal bearing is introduced, in which a resilient support is furnished 
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by the outer turn of the coiled foil element bent to form an open 
polygon The experimental apparatus and procedure are described, 
and the response of the rotor and flexible support system are 
documented by oscilloscope records of motion. (Author) 


A81 18684 * » Design and performance of compliant thrust 

bearing with spiral groove membranes on resilient supports. L Licht, 
W J Anderson (NASA. Lewis Research Center. Cleveland. Ohio), 
and S W Doroff (U S Navy. Office of Naval Research. Arlington, 
Va.) American Society ot Mechanical Engineers and American 
Society of Lubrication Engineers. Century 2 International Lubrica 
non Conference. San Francisco. Cant , Aug 18 21. 1980, ASME 
Paper 80 C2/Lub 36 12 p 20 refs Members. SI 50. nonmembers. 
S3 00 NASA Navy sponsored research 

Novel thrust beaungs with spiral groove flexible membranes 
mounted on resilient supports were designed and their performance 
demonstrated Advantages of surface compliance were combined 
with the supeimr load capacity ot the spiral groove geometry. Loads 
of 127 150N were supported on an area 42 sq cm, at speeds of 
43.000 45,000 rpm and mean clearances of 15 20 microns Support 
worthiness was proved when tested in coniunction with foil 
journal bearings and a 19N rotor, excited in a pitching mode by a 
total unbalance ot 43 micron-N (Author) 


A81 18695 * * The adhesion, friction, and wear of binary 
alloys in contact with single-crystal silicon carbide. K Miyoshi and 
D H. Buckley (NASA. Lewis P.search Center. Cleveland, Ohio) 
American Society of Mechanical Engineers and American Society of 
Lubrication Engineers. Century 2 International Lubrication Confer 
ence. San Francisco. Calif . Aug. 18 21. 1980. ASME Paper 
80 C2 Lob 53 8 p 10 refs Members, SI 50. nonmembers. S3 00 
Sliding friction experiments were conducted with various 
iron base alloys (alloying elements were Ti, Cr. Ni, Rh. and Wl in 
com., ci with a single crystal silicon carbide (0001) surface in 
vacuum. Results indicate atomic sire misfit and concentration of 
alloying elements play a dominant role in controlling adhesion, 
friction, and wear properties of iron base binary alloys. The 
controlling mechanism of rne alloy properties is an intrinsic effect 
involving the resistance to shear fracture of cohesive bonding in the 
alloy Thr coefficient of friction generally increases with an increase 
in solute concentration The coefficient of friction increases as the 
solute to iron atomic radius ratio increases or decreases f om unity. 
Alloys having higher solute concentration produce more transfer to 
silicon carbide than do alloys having low solute concentrations, The 
chemical activity of the alloying element is also an important 
parameter in controlling adhesion and friction of alloys. (Author) 


A81 18738 * « Lubrication of rolling element bearings. R J. 

Parker (NASA, Lewis Research Center, Cleveland, Ohio) American 
Society of Mechanical Engineers and American Society of Lubrica 
lion Engineers Century 2 International Lubrication Conference. San 
Francisco, Calif., Aug 18-21. 1980. Paper. 24 p 47 refs. 

This paper is a broad survey of the lubrication of rolling element 
bearings. Emphasis is on the critical design aspects related to speed, 
temperature, and ambient pressure ti.vironment Types of lubrica 
non including grease, lets, mist, wick, and through the race are 
discussed. The paper covets the historical development, present state 
of technology, and the future pioblems of rolling-element bearing 
lubrication. (Author) 


A81 18739 * * Practical applications of surface analytic tools 
in tribology J Ferrante (NASA, Lewis Research Center, Cleveland. 
Ohiol American Society of Mechanical Engineer and American 
Society of Lubrication Engineers. Century 2 International Lubrica- 
tion Conference. San Francisco. Calif Aug. 18 21. 1980. Paper 43 
p. 34 refs 

Many of the currently, widely used tools available tor surface 


analysis are described Those which have the highest applicability for 
giving elemental and/or compound analysis tor problems of interest 
in tribology and are truly surface sensitive (that is, less than 10 
atomic layersl are presented. The latter qroup is evaluated in detail in 
terms of strengths and weaknesses. Emphasis is placed on post facto 
analysis of experiments performed under 'reaT conditions (e.g.. in air 
with lubricants). It is further indicated that such equipment could be 
used for screening and quality control (Author) 


A81 29531 * « Ion beam texturing of heat transfer surfaces 

P K. Agarwal, E. L. Park, Jr. (Mississippi, University, University. 
Miss ), and A. J Weigand (NASA, Lewis Research Centei, Cleveland. 
Ohio) AIAA. Japan Society for Aeronautical and Space Sciences, 
and DGLR. International Electric Propulsion Conference. 15th. Las 
Vegas. Nev.. Apr 21 23. 1981. AIAA Paper 810670 7 p 21 refs. 
NASA-supported research 

Nucleate boiling heat transfer is examined as a means ot energy 
conservation Nucleate boiling curves were obtained for ion beam 
textured copper surfaces, untreated cooper surfaces, copper surfaces 
which had been polished and surfaces which had been coated with a 
plasma deposited polymer Results show that textunng aids heat 
transfer while polishing has the opposite effect. The polymer 
coatings did not change nucleate boiling behavior Aging effects were 
observed for untreated and for polished surfaces, while no such 
effects were noticed for textured surfaces. These data suggest that 
aging may be dependent on suitace microgeomotry, which is 
important m nucleate boiling heat transfer D.K. 


A8 1-29632 * “ Ion beam deposited protective films. M J. 

Mirtich (NASA, Lewis Research Center, Cleveland, Ohio) AIAA. 
Japan Society for Aeronautical and Space Sciences, and DGL8. 
International Electric Propulsion Conference, 15th. Las Vegas. Nev 
Apr 21 23. 1981. AIAA Paper 81 0672 1 1 p. 13 refs. 

Sputter deposition of adherent thin films on complex geometric 
surfaces by ion beam sources is examined in order to evaluate three 
different types of protective coatings for die materials. In the first 
experiment, a 30 cm diameter argon ion source was used to sputter 
deposit adherent metallic films up to eight microns thick on H 13 
steel, and a thermal fatigue test specimen sputter deposited with 
metallic coatings one micron thick was immersed in liquid aluminum 
and cooled by water for 15.000 cycles to simulate operational 
environments Results show that these materials do protect the steel 
by reducing thermal fatigue and thereby increasing die lifetime. The 
second experiment generated diamond like carbon films using a dual 
beam ion souice system that directed an eight cm argon ion source 
beam at the substrates These films are still in the process of being 
evaluated for crystallinity, hardness and infrared absorption The 
third experiment coated a fiber glass beam shield incorporated in the 
eight-cm diameter mercury ion thruster w ith molybdenum to ensure 
proper electrical and thermal properties The coating maintained its 
integrity even under acceleration tests. D.K. 


A81 29958 * » Ultra-lean combustion at high inlet tempera 
hires D N Anderson (NASA. Lewis Research Center. Cleveland, 
Ohio) American Society of Mechanical Engineers Gas Turbine 
Conference and Products Show. Houston. Tea.. Mar 9 12. 1981 
Paper 81 GT 44 9 p 13 refs Members. $2 00. nonmembers, $4 00 
Combustion at inlet air temperatures of 1100 to 1250 K was 
studied for application to advanced automotive gas turbine engines 
Combustion was initiated by the hot environment, and therefore no 
external ignition source was used Combustion was stabilized without 
a flameholdet The tests were performed in a 12 cm-diameter test 
section at a pressure of 250.000 Pa. with reference velocities of 32 to 
60 m/s and at maximum combustion temperatures of 1350 to 1850 
K Number 2 diesel fuel w.is infected by means of a multiple source 
fuel iniector Unburned hydrocatbon emissions were negligible tor all 
test conditions Nitrogen oxide emissions were less than 1 9 g 
N02/kg fuel for combustion temperatures below 1680 K Carbon 
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monoxide emissions were less than 16 g CO/kg fuel for combustion 
temperatures greater than 1600 K. inlet air temperatures higher than 
1150 K. and residence times greater than 4.3 ms. (Author) 


A81 300 13 * « Design and preliminary results of a fual flexi- 
ble industrial gas turbine combustor. A. S. Novick, 0. L. Troth 
(General Motors Corp., Detroit Diesel Allison Div., Indianapolis, 
Ind.), and H. G. Yacobucci (NASA, Lewis Research Center, 
Cleveland, Ohio). American Society of Mechanical Engineers, Gas 
Turbine Conference and Products Show. Houston, Tex.. Mar. 9 12. 
1981, Paper 81 GT 108. 10 p. 13 refs. Members. $2.00, non 
members. $4.00. Research supported by the U.S. Department of 
Energy. 

The design characteristics are presented of a fuel tolerant 
variable geometry staged air combustor using regenerative/convective 
i •■oling. The rich/quench/lean variable geometry combustor is 
designed to achieve low *'0(x) emission from fuels containing fuel 
bound nitrogen. The phy» _al size of the combustor was calculated 
for a can-annular combustion system with associated operating 
conditions for the Allison 570-K engine. Preliminary test results 
indicate that the concept has the potential to meet emission 
requirements at maximum continuous power operation. However, 
airflow sealing and improved fuel/air mixing are necessary to meet 
Department of Energy program goals L.S. 


A81 30029 * if Evaluation of advanced combustors for dry 
NO Ixl suppression with nitrogen bearing fuels in utility and 
industrial gas turbines. M B Cutrone. M. B. Hilt (General Electric 
Co.. Schenectady, N.Y.), A. Goyal, E. E. Fksted; (General Electric 
Co., Evendale. Ohio), and J. Notardonato (NASA, Lewis Research 
Center, Cleveland, Ohio). American Society of Mechanical Engineers. 
Gas Turbine Conference and Products Show, Houston, Tex.. Mar 
9-12. 1981 . Paper 81 GT 125 10 p. Members. $2.00; nonmembers. 
$4.00. Research supported by the U.S. Department of Energy. 


A81-31238 * The transfer of polytetrafluoroethylene 

studied by X-ray photoelectron spectroscopy. D R. Wheeler (NASA. 
Lewis Research Center. Cleveland. Ohio). Wear vol 66. Feb. 16. 
1981. p 355 365 19 refs 

A oolytetrafluoroethylene (PTFEI sphere of radius 4.8 mm was 
rubber! ;/winst nickel and S Monel at speeds from 0 94 to 94 mm/s 
and at ioads from 0.19 to 3.9 N. The transfer film of PTFE on the 
metal was examined with X-ray photoelectron spectroscopy In all 
cases the film was found to be indistinguishable from bulk PTFE A 
trace of metal fluoride was observed whether the rubbing took place 
on oxidized or atomically clean metal. The film was of the order of a 
molecule thick for the entire range of loans and did not increase with 
repeated passes over the same rubbed area An erratic increase in 
thickness at rubbing speeds above 10 mm/s was taken as evidence of 
random transfer of bulk material (Author) 


A81 38069 * * Simulation and visualization of face seal mo 
tion stability by meant of computer generated movies I. Etsion and 
B M Auei (NASA, Lewis Research Center, Cleveland. OH). British 
Hydrodynamic Research Association, Fluid Se&Hng Conference. 
Leeuwenhorst. Netherlands. Apr. 13. 1981. Paper 17 p 6 refs. 

A computer aided design method for mechanical lace seals is 
described Based on computer simulation, the sctual motion of the 
flexibly mounted element of the seal can be visualized. This is 
achieved by solving the equations of motion of this element, 
calculating the displacements in its various degrees of freedom vs. 
time, arid d. splaying the transient behavior in the form of a motion 
picture Incorporating such a method in the de'ign phase allows one 
to detect instabilities and to correct undesirable behavior of the seal. 
A theoretical background is presented. Details of the motion display 
technique are described, and the usefulness of the method is 
demonstrated by an example of a noncon'actmg conical face seal 

(Author) 


A81 -44654 * » Ion plating for the future. T Spalvins (NASA. 
Lewis Research Center. Cleveland, OH). Society ol Vacuum Coalers. 
Annual Technical Conference. 24th, Dearborn. Ml. May 12 14. 1981, 
Paper 7 p. 12 rets 

The ion plating techniques are dassifud relative to the instru 
mental set up. evaporation media and mode of transport Distinction 
is drawn between the low vacuum (plasma) and high vacuum (ion 
beam) techniques. Ion plating technology is discussed at the 
fundamental and industrial level. At the fundamental level, the 
capabilities and limitations of the plasma (evaporant flux) and film 
characteristic', are evaluated. On the industrial level, the performance 
and potential uses of ion plated films are discussed (Author I 


A81-44655 * X Sputtering and »n plating for aerospace appli- 
cations. T. Spalvins (NASA. Lewis Research Center. Cleveland. OH). 
American Electroplaters Society. National Conference. Boston. MA. 
June 28 July 2, 1981. Paper 12 p. 13 reft. 

Sputtering and ion plating technologies are reviewed in terms of 
their potential and present uses in the aerospace industry. Sputtering 
offers great universality and flexibility in depositing any material or 
in the synthesis of new ones. The sputter deposition process has two 
areas of interest: thin film and fabrication technology Thin film 
sputtering technology is primarily used for aerospace mechanical 
components to reduce friction, wear, erosion, corrosion, high 
temperature oxidation, diffusion and fatigue, and also to sputter 
construct temperature and strain sensors for aircraft engines Sputter 
fabrication is used in intricate aircraft component manufacturing 
Ion plating applications are discussed in terms of the high energy 
evaporant flux and the high throwing power. Excellent adherence 
and 3-dimensional coverage are the primary attributes of this 
technology. (Author) 


A81 -44659 * r NASA five-bell fatigue tester • Over 20 years 

of research. E. V. Zaretsky. R. J Parker, and W. J. Anderson (NASA. 
Lewis Research Center, Cleveland, OH) American Society for 
Testing and Materials. International Symposium on Contact Rolling 
Fatigue Testing of bearing Steel. Phoenix. AZ. May 12 14, 1981. 
Paper 55 p 60 refs 

The paper reviews, from both a ter+imcal and historic perspec 
tive, the resulls of research conducted using the NASA Five-Ball 
Fatigue Tester The test rig was conceived hy W J Anderson in late 
1958 The first dat j was generated in March 1959 Since then a total 
of approximately 500.000 test hours have been accumulated on a 
group of eight test rigs which are capable of running 24 hours a day, 
7 days a week Studies have been conducted to determine the effect 
on rolling element fatigue li’e of contact angle, material hardness, 
chemistry. h«"t treatment, and processing, lubricant type and 
chemistry, elastohydrodynamic film thickness, deformation and 
wear, vacuum, and temperature as well as Hertzian and residual 
stresses Correlation was establish d between the results obtained 
tsing the five ball tester and those obtained with full scale rolling 
element bearings (Author) 


A8 1-46493 * a The role of the micro environment on the 
tribological behavior of materials. D H. Buckley (NASA. Lewis 
Research Center, Cleveland, OH) In Life cycle problems and 
environmental technology. Proceedings of the Twenty-sixth Annual 
Technical Meeting Philadelphia. PA. May 12 14 1980 IA61 

46476 22 381 Mt Prospect. IL. Institute of Environmental Sciences, 
19b0. p. 124 130 10 refs 

The paper reviews studies of the role of the microenvironment 
m the adhesion, friction, and wear behavior of materials in soho state 
contact The microenvironment is defined as the environment on the 
surface ot solids in solid state contact Properties of the environment 
are discussed which exert an influence on the adhesion, friction, 
wear, and lubrication of materia . ,n contact The effect of 'he 
environment on lubricants and their properties is considered with 
respect to the interaction of lubricants with material surfaces in 
contact, the effect on the ability of luhncan's to provide protective 
surface films is also consiceed It is concluded that naturally 
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N81- 13369*0 Shaker Reseaich Corp Ballston Lake N Y 
MEASUREMENT OF ROD SEAL LUBRICATION FOR 
STIRLING ENGINE Final Raport. Mar :979 • Jun 1SS0 

Allan I Krauter Jul 1980 62 p refs 

I Contract DEN 3 22. EC-77 A 31 10401 

(NASA CR 165157. DOE/NASA/022-2 SRC 80TR 621 Avail 

NTIS HC A04/MF A01 CSCL 11 A 

The elastohydrodynamic behavior or eliding elastomeric seals 
(or the Stirling engine, was analyzed using an experimental 
apparatus to determine the instantaneous oil film thickness 
throughout the cyclic reciprocating motion Tests were conduct 
ed on two commercial elastomeric seals a T seal 176 mm 
0 D and 3 8 mm between backing rings) and an O' ring 176 mm 
0 0 and 5 3 mm diameter) Testing condibons included seal 
durjmetars of 70 and 90. sliding velocities of 0 8 2 0. and 3 6 
m/s and no pressure gradient across the seal Both acrylic and 
aluminum cylinders were used Measured oil film thickness profiles 
were compared to results of the elastohydrodynamic analysis 
The comparison shows an overall qualitative agreement Friction 
end oil leakage measurements were also made at these sliding 
speeds The fluid used was a typical synthetic base automotive 
lubricant It is concluded that this first time experimental analytical 
comparison for oil him thickness indicates the need for some 
improvements in the analytical model and in the experimental 
technique ARM. 


N81-16366*0 Eaton Engineering and Research Canter. South- 
field Mich Engineering and Research Center 

SMALL PASSENGER CAR TRANSMISSION TEST: DODGE 
OMNI A -404 TRANSMISSION Final Report 

M P Buiold Sep 1980 355 p 
(Contracts DEN3 124 Dt A10177CS 51044 
EC 77 A-3 1 1 0441 

(NASA CR 165181 DOE/NA SA/0 1 24- 5 ERC LIB 80173! 
Avail NTIS i C A16/MF A01 CSCL 13F 

The small passenger car transmission test was initiated to 
supply electric vehicle manufacturers with technical information 
'egarding the performance of commercially available transmissions 
This transmission was tested in accordance with a passenger 
car automatic transmission test code ISAE J65lb) which 
required drive performance coast performance and no load test 
conditions Under these test conditions the transmission attained 
maximum efficiencies in the mid eighty percent range tor both 
drive performance test and coast performance tests R C T 


NS 1 1 7434*# General Electric Co. Cincinnati. Ohio 

PROGRAM TO DEVELOP SPRAYED. PLASTICALLY DE- 
FORMABLE COMPRESSOR SHROUD SEAL MATERIALS 
Final Report. Jul. 197S - Aug 1BS0 

J D Schell and J 0 Schell Jan 1980 148 p refs 
(Contract NAS3 200641 

INASACR 165237 R80AEG458I Avail NTIS 

HC A07/MF A01 CSCL 11A 

A study of fundamental rub behavior for 10 denae. spraved 
materials and eight current compresaor clearance matenals was 
conducted A literature survey of a wide variety of metallurgical 
and thermophysical properties was conducted and correlated to 
rub behavior Based on the results the most promising dense 
rub material was Cu-9A 1 Additional studies on the effects of 
porosity incursion rate blade solidity and ambient temperature 
were earned out on aluminum bronze (Cu 9AI 1 Fa) with and 
without a 5168 Felt metal underlayer A further development 
effort was conducted to assess the property requirements of. a 
porous, aluminum bronze seel material Strength thermal cycle 
capabilities erosion and oxidation resistance machmaMity and 
abradability at several porosity levels were examined T M 


NS1 17437*0 Rocket dyne Canoga Park Calif 
LOW THRUST CHEMICAL PROPULSION SYSTEM PUMP 
TECHNOLOGY Final Report. Oct. 1S7S Sop. 1SS0 
J W MaadvtUe 20 Oct 1980 411 p 
I Contract NA S3 21968) 

• NASA CR 165210 RI/PD80 2221 Avoil NTIS 


HC A'S/Mf A01 CSCL 13K 

A study was conducted within the thrust range 460 to 
9000 N (100 to 2000 pounds) Performance analyses were made 
on centrifugal, pitot. Barska. drag. Tesla, gear, piston, lobe, and 
vane pumps with liquid hydrogen, liquid methane, and liquid 
oxygen « propellants Gaseous methane and hydrogen driven 
axial impulse turbines, vane expanders, p-ston sxpanders. and 
electric motors were studied as drivers Data are presented on 
performance, sizes weights, and estimated service lives and 
coats TM 


N81-21366*# Mechanical Technology. Inc. Latham N Y 

AN EXPERIMENTAL EVALUATION OF OIL PUMPING 
RINGS 

Martin W Eusepi Jad Walowit. and Maurice Cohen Apr 1981 
1 17 p refs 

(Contracts OEN3-119. EC-77 A 31 104u, 

INASACR 186271 DOE/ NASA/01 1 9-81 / 1 . M1I-81TR3) 
Avail NTIS HC A06/MF A01 CSCL 131 

The design and construction of a reciprocating test vehicle 
to be used m evaluating hydrodynamic oil pumping rings srs 
d.scussed In addition, experimental teat data are presented for 
three pumping ring designs that were constructed from Tin- Based 
Babbitt ISAE 11). Beanng Bronze (SAE 660). and Mechanical 
Carbon Graphite (Union Carbide Grade CNF-.I) Data of pumped 
flow rata versus delivered pressure, as well as friction loss, are 
reported for the following conditions frequencies of 10 26 and 
45 Hz: strokes of 25 4 mm (1 00 in ). 38 1 mm II 50 in ) and 
508 mm (2 00 in I oil inlet temperature of 49 degrees 
(120 degrees), end pumping nng close in pressures of 10 3 MPa 
(1600 lb/ square inch A 20W40 automotive oil was used for 
all tests Ths maximum delnrersd pressure was 1 ■ MPa 
(1600 lb/ square inch An analysis of hydrodynamic oil pumping 
rings was performed and the results of the analysis wars compared 
to measured test data S F 


A81 10707 * • Development of low cost directionally 
solidified turbine blades. G. S. Hoppin, III. M. Fujii (AiResearch 
Manufacturing Company of Arizona Phoenix, Anz.l, and L. W. Sink 
(Tiernay Manufacturing. Phoenix, Anz.) International Symposium 
on Superalloys, 4r ti, Champion, Pa., Sept. 21 25, 1980. Paoer. 10 p. 
Contract No NAS3 20073 

A low cost directionallv solidifies: (DSi casting of turbine blades 
of high stress rupture is discussed The process uses an exothermical 
ly heated mold, a newly dcxiqntd solid blade was cast for the 
high pressure turbine of the TFE731 3 turbofan engine Ni based 
alloys Mar M 247 and Mar M 200 ■*■ Hf were used The solid DS blade 
replaced a conventionally cast IN 100 component; a 40% cost saving 
is expected, with a 2 4% reduction in the takeoff specific fuel 
consumption. The DS Mar-M 247 blade has been selected for 
production in the TFE731 3B 100, and advanced version of the 
TFE7313. A.T. 


A81 15796 * Computer aided roll pass design in rolling of 

airfoil shapes N Akgerman. G D. Lahoti. and T Allan IBattelle 
Columbus Laboratories, Columbus. Ohio) Journal o' Applied 
Meiahrvorkir r. vol 1, Jjly 1980, p 30 40 9 refs Contract No 
NAS3 20380 

This paper desenbes two computer aided design (CAD) pro 
grams developed for modeling the shape rolling ptocess lor airfoil 
sections The first program. SHPROL. uses a modular upper bound 
method of analysis and piedicts the lateral spread, elongation, and 
toll torque The second program, ROLPAS. predicts the stresses, roll 
separating force, the roll torque and the details of metal flow by 
simulating the rolling process, using the slab method of eiioiykis 
ROLPAS is an interactive program, it offers graphic display 
capabilities and allows the user to interact with the computei via a 
keyboard, CRT, and a light pen The accuracy of the computerized 
models was evaluated by la) rolling a selected airfoil shape at room 
temperature from 1018 steel end isothermally at hiqh temperature 
from Ti 6AI 4V. and (bl comparing the experimental results with 
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computer prediction!. The companions indicated that the CAD 
systems, described here, are useful for practical engineering purposes 
and can be utilized in roll pass design and analysis foi airfoil and 
simitar shapes (Author I 


A81 18680 * 0 Structural and compositional characterization 
cf Uf sputter deposited Ni-Cr ♦ Cr203 films B Bhushan 'Mechani 
cal Technology. Inc , Latham, N Y.) American Society of Mechani 
cal Engineers and American Society of Lubrication Engineers 
Century 2 International Lubrication Conference. San Francisco. 
Calif., Aug 1821. 1980 ASME Paper 80 C2 Lub 31 7 p 9 refs 
Member., $1 50. nonmembers. $3 00 Research sponsored by the 
U S. Depai (ment of Energy, Contract No DEN3 43 

An RFsput'ered chrome oxide coating with metallic binders 
was developed The chrome oxide coating has high temperatute 
capabilities and is wear resistant, and ha. some self-lubricating 
properties A mchrome metallic binder was added in the coating to 
improve its ductility without significant Ins in the hardness The 
sputtering parameters were optimized to obtain a smooth coating 
with the maximum adherence The coatings were applied using 
bias sputter and sputter deposit modes on the heat treated and 
anneal'd foil substrates The coating applied on annealed foils using 
the sputter ^epos't mode was smooth and had the best adherence 
Metallurgical examinations showed that the coating was Ni-Cr ♦ 
0203 The coating as applied was amorphous and it crystallized 
during substrate heat t.eatment (Author) 


A8 1 - 1 8693 * 0 Friction and wear results from sputter 
deposited chrome oxide with and without mchrome metallic binders 

and interlayers B Bhushan (Mechanical Technology. Inc., Latham. 
NY) American Society of Mechanical Engineers and American 
Society of Lubrication Engineers. Century 2 International Lubrica 
•ion Conference, San Francisco. Calil Aug 18 21. 1980 ASME 
Paper 80 C2 Lub 49 10 p 8 refs Members, SI 50 nonrnembers, 
S3 00 Researrh sponsored by the U S Department of Energy. 
Contract No DEN3 43 

Friction and wear tests were conducted on optimized sputtered 
Cr203 and Cr203 with metallic binder coatings The coatings were 
applied on the bearing surface of lournal foil air bearings and were 
tested against chrome carbide coated lournal surfaces. The obicctivr 
of the study was to develop a coating system which would withstand 
9000 start stops and high speed rubs (maximum acceleration. 100 gsl 
in temperatures ranging from room temperature to 650 C The 
0203 coating completed the test sequence and the coating 
consisting of 0203 wth metallic binders completed 3000 start 
stops The coefficient of friction of the coatings at 650 C was found 
to be about halt that at room temperature It was concluded, 
therefore, that the coatings should perform much better in a high 
temperature environment alone The decrease in friction at high 
temperature is attributed to oxidation and interactions of the 
coatinrp and substrates at the interface temperature (Author) 


A81 22664 * Design, durability and low cost processing 

technology for composite fan exit guide vanes S S Blecherman 
(United Technologies Corp , Pratt and Whitney Aircraft Group. 
Middletown. Conn ) In The 1980's Payoff decade for .Jvancer) 
materials Proceeding of the Twenty fifth National Symposium and 
Exhibition. San Diego. Calif May 68 1980 IA81 22636 08 27l 
Azusa Cali*.. Society for the Advancement of Ma’erral and Process 
Engineering, 1980, p 403 417 5 refs Contract No NAS3 21037 
A program was conducted to design, tat) i. „te and test a 
durable, low cost. Iiqhtweiqht composite tan exit gr ide vane tor high 
bypass ratio gas turbine engine application E>gh' candidate maten 
aldesign combinations were evaluated by NASTKAN finite element 
analysis Four of these candidate systems were elected tor compos 
ite vanr fabrication by two vendors A core ano shell vane design was 
chosen in which the unidirectional graphite core fiber was the same 
to* all candidates The shell material, fiber orientation and ply 
configuration we- e varied Material tests were performed on raw 


material and composite specimens to establish specification require- 
ments. Composite vanes were rondestructively inspected and subse 
quently fatigue tested in both dry and 'wet' conditions The program 
provided relevant data with respect to design analysis, materials 
properties, inspection standards, improved durability, weight benefits 
and part price of the composite fan exit guide vane (Author) 


A8 1-300 14 * * Low NO/x/ combustion systems for burning 

heavy residual fuels and high fuel bound nitrogen fuels. D. J. White, 

A. Batakis, R. T. LeCren (Solar Turbines International, San Diego, 
Calif.), and H. G. Yacobucci (NASA, Lewis Research Center, 
Cleveland, Ohio). American Society of Mechanical Engineers, Gas 
Turbine Conference and Products Show, Houston, Tex., Mar, 9-12. 
1981, Paper 81 GT-109 11 p. Members, $2.00, nonmembers, $4.00 
Research supported by the U.S. Department of Energy. 

Design concepts are presented for lean-lean and staged rich-lean 
combustors. The combustors are designed tor the dry reduction of 
thermal NO(x), control of N0(x) from fuels containing high levels of 
organic nitrogen, and control of smoke from low hydrogen content 
fuels. The combustor concepts are tested with a wide variety of fuels 
including a middle distillate, a petroleum based heavy residual, a coal 
derived synthetic, and ratios of blends of these fuels. The configura- 
tions of the tear lean and rich-lean combustion systems are provided 
slong with a description ot the test rig and test procedure. L.S. 


A81 30060 * 0 Fabrication of m|ection molded sintered alpha 

SiC turbine componene R S Storm, R W Ohnsorg. and F J 
Frechette (Caiborundum Co Niagara Falls, N Y I American Society 
ol Mechanical Engineers Gas Turbine Conference and Products 
Show Houston, Tex Mar 9 12. 1981 Paper 81 GT 161 6p 5 refs 
Members. $2 00 nonmembers, $4.00 Research supported by the 
U S Department of Energy Contracts No DEN3 17, No DEN3-168 
No DEN3 167. 

Fabrication of a sir.tered alpha silicon carbide turbine blade by 
infection molding is described An extensive piocess variation matrix 
was carried out to define the optimum fabrication conditions 
Variation ot molding parameters had a significant impact on yield 
Turbine blades were produced in a reasonable yield which met a rigid 
quality and dimensional specification Application of infection 
molding technology to more complex components such as integral 
rotors is also described (Author) 
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38 quality assurance and 

RELIABILITY 

Includes product sampling procedures and techniques 
and quality control 


NS1-2B488*f National Aarontutrcs and Space Administration 
Lewis Research Center Cleveland. Ohio 

ACOUSTO-ULTRASONIC CHARACTERIZATION OF FIBER 
REINFORCED COMPOSITES 

Ales Vary 1981 14 p rels Presented et the Office of Naval 
Res Coni A Critical Rev Tech for the Characterization of 
Composite Mater . Cambridge Mass . 8-10 Jun 1981 
(NASA TM-82661 E-910) Avail NTIS HC A02/MF A01 

CSCL 14D 

The acousto-ultrasonic technique combines advantageous 
aspects of acoustic emission and ultrasonic methodologies 
Acousto- ultrasonics operates by introducing a repeating senes 
of ultrasonic pulses into s material The wave* introduced simulate 
the spontaneous stress waves that would anse if the material 
were put under stresa as in the case of acoustic emission 
measurements These benign stress waves are detected by an 
acoustic emission sensor The physical arrangement of the 
ultrasonic linputl transducer and acoustic emission (output) sensor 
is such that the resultant waveform carries an imprint ol 
morphological factors that govern or contribute to material 
performance The output waveform is complex, but it can be 
quantitired in terms of a stress wave factor The stress wave 
factor which can be defined in a number of ways, is s relative 
measure of the efficiency of energy dissipation in a material If 
Daws or other material anomalies exist in the volume being 
examined, their combined effect appears in the stress wave 
factor S F 


N61 33492 * H National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

RELIABILITY AND QUALITY ASSURANCE ON THE MOD 
2 WIND SYSTEM 

WEB Mason and B G Jones (Boding Engineering and 
Construction Co Seattle Wash) 1981 16 p refs Presented 

at 5’h Biennial Wind Energy Conf and Workshop Washington 
5 7 Oct 1981 sponsored by Solar Energy Res Inst and DOE 
(Centred DE AI0179ET 20305) 

(NASA TM 82717 DOE/ NASA/ 20305 6 E-101BI Avail 
NTIS HC A02/MF A01 CSCL 14D 

The Safety Reliability and Quality Assurance IR&QA) 
approach developed for the largest wind turbine generator the 
Mod 2 is described The R&QA approach assures that the machine 
is not hazardous to the public or to the operating personnel is 
operated unattended on a utility grid demonstrates reliable 
operation and helps establish the quality assurance and 
maintainability requirements for future wind turbine protects 
The significant guideline consisted of a failure modes and effects 
analysis IFMEAI during the design phase hardware inspections 
during parts fabrication and three simple documents to control 
activities during machine construction and operation E A K 


AST 19656 * Ultrasonic measurement of materiel proper 

bet A Vary (NASA, Lewis Research Center, Materials and Struc 
tures Div.. Cleveland. Ohio). In Research techniques in 
nondestructive testing. Volume 4 IA8' 19651 OC 381 London, 
Academic Press. 1980. p 159 204 121 refs 

The state of the art of ultrasonic methods is reviewed with 
reference to the basic measurements, signal acquisition and process 
mg. strersqth property nd morphological condition measurements, 
and industrial applications The emphasis is placed on techniques 
that indicate quantitative ultrasonic correlations with material 
strength and morphology relevant to the reliability of load bearing 
structures. V L. 


A81-33867 * Self acting geometry for noncontact teals. G 

P. Allen (NASA, Lar-is Research Center, Cleveland, Ohio). American 
Society of Lubnc.ition Engineer!. Annuel Met-ng. 36th. Pittsburgh. 
Pa . May II 14. 1961. Preprint 81 AM SB 3 5 p. 6 raft 

Two hydrodynamic self-acting teal designs tor a LOX turbo- 
pump were analyzed in order to predict performance. A rtdial face 
seal To-seal LOX at 310 N/sq cm and 32,000 rpm (130 m/t) was 
analyzed for prenure differentials of 1/ to 448 N/sq cm and speeds 
from 98 to 147 m/t. A segmented circumferential seal to-seal helium 
at 34 5 or 69 N/sq cm and 157 m/t vrat analyzed for prettures of 35 
to 86 N/sq cm ( 10 N/sq cm ambient) and speeds trom 94 to 189 m/t. 
Test results confirmed noncontact operation near the desi(pi speed 
and pressure, and relatively good qualitative agreement between test 
and analysis. The face seal was found to operate with mostly liquid 
in the pads end mostly gas across the dam. E.B. 


A81 -44660 * H Acousto-ulti atonic characterization of fiber 
reinforced composites. A. Vary (NASA. Lewis Research Center, 
Cleveland, OH I. U S. Navy. Conference on a Critical Review 
Technique for the Characterisation of Composite Mater- alt. Cam- 
bridge. MA, June 8 10, 1981. Paper 13 p 12 refs. 

The acousto ultrasonic technique combines advantageous as 
pects of acoustic em.ssion and ultrasonic methodologies. Acousto 
ulti atonies operates !iv introducing a repeating series ol ultrasonic 
pulses into a material 7 ' . »«r s introduced simulate the spontane 
out stress waves that would ar..- if the material were put under stress 
as in the case of acoustic emission measurements. These benign stress 
waves are detected by an acoustic emission sensor. The physical 
arrangement of the ultrasonic (input) transducer and acoustic 
emission loutput) sensor is such that the resultant waveform carries 
an imprint of morphological factors that govern or contribute to 
material performance Thi output waveform is quite complex, but it 
can be quantized in terms of a ‘stress wave factor' The stress wave 
factor, which can be defined in a number of ways, is essentially a 
relative measure of the efficiency of energy dissipation in a material. 
If flaws ir othei material anomalies exist in the volume being 
examined, their combined effect will appear in the stress wave factor 

(Author) 
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39 STRUCTURAL MECHANICS 

Include* structural element design end weight enelysii 
letigue end theimal sties* 

For applications see 05 Aircraft Design Testing end 
Performance and 18 Spacenatt Design Testing end 
Performance 


N81 11412*# National Aeionautics and Space Administiation 
Lewis Reseaich Cental Cleveland Ohio 
SUPERHYBRID COMPOSITE SLADE IMPACT STUDIES 
C C Chamis R F Lark and J H Sinclair |1980| 16 p lets 

Pioposed lor piesentation at the 26th Ann Intern Gas Tuibina 
Coni. Houston To*. 9 12 Mar 1981 

(NASA TM 81697 E 6801 Avail NTIS liC A02/MF A01 CSCL 

20K 

The leasibilitv ol superhybrid composite blades lor meeting 
the mechanical design and impact resistance requirements ol 
large Ian blades lot aircraft turbine engine applications was 
investigated Two design concepts were evaluated leading edge 
spar ITiComl and center spar (TiCorel both with supeihybnd 
composite shells The investigation wus both analytical and 
experimental The results obtained show pror ise that superhybnd 
composite* can be used to make light weight high quality large 
Ian blades with good structural mtegnty The blades tested 
successfully demonstiated their ability to meet s eady stata 
operating conditions overspecd. and small bird in pact require 
ments A R H 


N81-11417*# National Aeionautics arj Space Administiation 
Lawis Research Center. Cleveland Oh o 

METHOD FOR ESTIMATING CP. ACK EXTENSION RESIS 

TANCE CURVE FROM RESIDUAL STRENGTH DATA 

Thomas W Oiange Nov 1980 16 p refs 

INASA TP 1753 E 4391 Avail NT.S HC A02/MF A01 CSCL 

20K 

A method is presented tot estimating the crack extension 
resistance curve (R curve) from residual strength (maximum load 
against initial crack lengthl data foi precracked fracture specimens 
The method allows additional information to be inferred from 
simple test results and that information ■* u ad >o estimate the 
failure loads of more complicated structures Numerical differentia 
tion of the residual strength data is required and the problems 
that it may present are discussed R C T 


N61 12446‘a National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

STABILITY OF IARGI HORIZONTAL AXIS AXISVMMETRIC 
WIND TURBINES Ph D Thesis Delaware Umv 

M S Hirschbem and M I Young (Delaware Umv Newark 

1980 37 p refs Presented al 3d Miami Conf on Alternative 

Energy Sources Miami 16 17 Oec 1980 

(NASA TM 81623 E 633i Avail NTIS HC A03/MF A01 CSCL 

20K 

The stability of large horizontal an* axi symmetric power 
producing wind turbines was eaammed The analytical model 
used included the dynamic coupling of the rotor tower and 
power generating systam The aerodynamic loading was derived 
Irom blade element theory Each rotor blade was permitted tow 
principal elastic bending degrees of freedom one degree of 
freedom m torsion and controlled pitch as a rigid body The 
rotor hub was mounted in a rigid nacelle which m-y yaw freely 
or in a controlled manner The tower can tend in two principal 
directions and may twist Also the rotor speed can vary : nd 
may induce perturbation reactions within the power generating 
equipment Stability was determined by the eigenvalues of a 
set of Imean/ed constant coefficient differential equations All 
results presented are based on a 3 bladed 300 ft diameter 
2 5 megawatt wind turbine Soma of the parameters varied wore 
wmd speed rotor speed structural stiffness and damping the 
affective stiffness end damping of the powei generating systam 
and the principal bendog directions of the rotoi blades Unstable 
or weakly stabfs behavior can oe caused by aerodynamic forces 


due to motion of the rotor blades and tower in the plane of 
rotation or by mechanical coupling between the rotor system 
and the tower Author 


N81-1B4S2*f National Aeronautic* and Space Administration 
Lewis Reeearch Center. Cleveland Ohio 

EXPERIMENTAL COMPUANCE CALIBRATION OF THE 
COMPACT FRACTURE TOUGHNESS SPECIMEN 

D M Fisher end R J Bustard Dec 1SS0 11 p refs 
(NASA TM SI 666. E 686) Avail NTIS HC A02/MF A01 CSCL 
20K 

Compliances and stress mtsnsity coefficients wars del /immed 
over crack length to width rstioe from 0 1 to 0 B Displacements 
were measured at the load points load line, and crack mouth 
Special furturmg was devised to permit accurate measurement 
of load point displacement The result* are in sqreament with 
the currently used results i.f boundary collocation analyses The 
errors which occur m stress intensity coefficients or specimen 
energy input determinations mad* from load line displacement 
meaaurements rather than from load point measurements are 
emphasised Author 


N81-1B4S4*# National Aeronaufcs and Space Administration 
l Tarts Research Center. Cleveland. Ohio 

EFFECTS OF MI8TUNIN0 ON BENDIN0 TORSION FLUT- 
TER AND RESPONSE OF A CASCADE IN IN- 
COMPRESSIBLE FLOW 

Krishna Reo V Kaia (Toledo Umv . Ohio) end Robert E Kieib 
19u I 20 p refs Proposed for presentation at Dvn Specialists 
Conf Atlants 9 11 Apr 1 98 1 . sponsored by AIAA 
(Contract EX 76 1-01 10281 

INASA TM 81674 DOE/ NASA/ 1028 29 E 699) Avail NTIS 
HC A02/MF A01 CSCL 20K 

The effect of small differences between the individual blade* 
Imistuning) on the seroelastic stability and response of e cascade 
were studied The aerodynamic inertial, ar d structural coupling 
between the bending and torsional motion t of each blade end 
the aerodynamic coupling between the budes was considered 
A digital computer program ivas developed to conduct parametric 
studies Results indicate that the mistunmg haw a beneficial affect 
on the coupled bending torsion and uncoupled torsion flutter 
On fc ced response however the effect may be either beneficial 
or advs.se. depending on the engine order of the forcing function 
The results also illustrate that it may be feisibi* to utilize mistunmg 
a* a passive control to increase flutter speed while maintaining 
forced response at an arcaptabl* level A R H 


NS 1 764B2*f Natio-sl Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 
AEROSLASTIC CHARACTERISTICS OF A CASCADE OF 
MISTUNED BLADES IN SUBSONIC AND SUPERSONIC 
FLOWS 

Robert F Kieib and Krishna Rao V Xaza (Toledo Umv ) 1SS1 
18 p re's Proposed for presentation at the 8th Biennial Eng 
Orv Conf Hartford Conn 20-23 Sep 1981 sponsored by the 
American Society of Mechanical Engineers 
(G.wnt NsG 3 '39) 

INASA TM 82631 E 886) Avail NTIS HC A02/MF A01 CSCL 
20K 

The r fleets of mistunmg on flutter and forced response of a 
cascade m subsonic in subeonic and supersonic flow were 
mvestigalec The aerodynamic and structural coupling between 
the bending and torsional mo*Knc end the aerodynamic coupling 
between Itvi blades were studied It It shown thet frequency 
mistunmg always has a beneficial effect on flutter For the cascade 
coneidered the potential for raising flutist speed is greeter m 
tubsomc then in supersonic flow Preliminary results for structural 
dampmg mistunmg show that there ar* no additional benefits 
over eddmg d*n<pmg mistunmg may have either a beneficial or 
an adverse effect on forced lespor * depending nn the engine 
order of the excitation and Mach number A R H 
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MSI 33497*# National Aeronautics and Spaca Administration 
lewis Research Cantai Clevaland Ohio 

STRUCTURAL DYNAMICS VERIFICATION FACILITY 
STUOV 

Louis J Knaly Murray G Huchbein Jamas M McAleese and 

David P Flaming Aug 1981 21 p 'els 

INASA TM 82876 l 968) Avail NTIS HC A02/MF A01 CSCL 

20K 

The need loi a structural dynamic; verification facility to 
support st' ictures piogtams was studied Most of the industry 
opcated facilities aie used toi highly focused lesea'ch component 
development and problem solving ard sre not used fo< the 
generic understanding of the coupled dynamic response of maio' 
engine subsystems Capc^'lities for the proposed facility include 
the ability to ooth excite and measure coupled structural 
dynamic response of elastic blades on elastic shafting the 
mechanical simulation of various dynaical loadings representative 
of those seen m operating engines and ilia measurement of 
engine dynamic deflections and mtniface forces caused by 
alternative engine mounting confutations and compliances 

E A K 


A81 18792 * On the equivalence betweun temiempirical 

fracture analyses and R curves. T. ’V Orange INASA. lewis Research 

Center, Cleveland. Ohm) In Fracture mechanics. Proceedings of the 
Twelfth National Symposium. Washington University, St Louis. Mo , 
May 21 23. 1979 IA81 18776 06 391 Philadelphia. Pa.. American 
Society tor Testing and Materials, 1980. p. 478 499. 11 refs 

The relationship between the R curves and semiempiticel free 
ture analyses (SEFAI is investigated theoretically using a hypo 
thetical material Equivalent R curves IERC) are developed for real 
materials using daia from the literature It is shown that for each 
SEFA there is an ERC whose magnitude and shape are determined 
by the SEFA formulation and ns empirical parameters The ERC is 
equivalent m tha - it predicts exactly the same relationship between 
the fracture stress and the initial crack length (residual strengthl at 
the SEFA If the effective R curve is unique, then the various 
empirical parameters cannot be constant, and vice versa Howevei, 
for one of the ^EFA examined. Newman’ - SEFA. parameter 
variations are small enough to be within the iange of noimal data 
scatter for real materials. V.L. 


A81 22626 * » Stability of large horuontal axis axtsymmetrtc 
wind turbines M S Hirsrhbein (NASA. Lewis Research Center. 
Cleveland. Ohio) and M I Young (Delawaic, University, Newark. 
Del | Miami International Conference on Alternative Energy 
Sourcet 3rd. Miami Fla Dec 15 17. 1980 Paper 35 p 19 refs 

The stability of large horizontal axis, axisymmetnc. .lower 
producing wind turbines is examined within the framework of an 
analytical model which includes dynamic coupling of the rotor, 
lovwr. and povwr generating system The aeindynamic loading is 
derived from tilade element theory Stability is determined by the 
eigenvalues of a set of lineeri/ed constant coefficient differential 
equations All results presented are based on a 3 blarted. 300 ft 
diameter, 2 0 MW wind turbine It is shown that unstable o' weakly 
stable behavior can be caused by aerodynamic forces due to motion 
of the rotor blades and tower in the plane of rotation or by 
merhamcal coupling between the rotor system and the tower V L 


A81 29096 * • Effects of mistunmg on blade torsional flutter 

A. V. Sonivesen (United Technologies Research Center, East 
Hartford. Conn.) and A Kurkov (NASA. Lewd Research Center. 
Cleveland, Dhiol. In International Symposium on An Breathing 
Engines. 5th. Bangalore. India, February 16 22. 1981, Proceedings 
IA81 29061 12-071 Bangalore. National Aeronautical Laboratory. 
1981, p 59 1 to 69-8 9 refs Contract No NAS3v!803 

An analytical model tor ihe prediction of fan blade flutter is 
presented and evaluated utmg data from NASA tests on an advanced 
high performance engine For the cascade conditions appropriate to 
the test pomts studied the aerodynamic theory cannot predict 
subcntical flutter Under the assumptions of a tuned assembly, the 


imaginary part of the aerodynamic coefficients does indicate flutter 
for a limited number of interblade phase rrtgles, but these interblade 
phase angles are close to those al which the acoustic resonance is 
predicted. Upon ui-ng the individual blade frequencies and solving 
the mistuned system with aerodynamic crunling only, tha results 
show a stable system. Eigenvectors calculated for the mistuned 
system demonstrate the presence of several harmonics In eac' - . 
mistuned mode Inclusion of both mechanical and aerodynamic 
coupling in the solution of the eigenpioblem influences not only the 
frequencies but also damping in the system with a trend toward 
stability. L.S. 


AB1 29465 * * Effects of mistunmg on bending-torsion flutter 
and response of a cascade in incompressible flow. K R V Kara 

(NASA. Lewis Research Center. Cleveland, Toledo, University. 
Toledo. Ofiiol and R E Kielb (NASA, Lewis Research Center. 
Structures Branch. Cleveland. Ohio) In Structures. Structural 
Dynamia and Materials Conference. 22nd. Atlanta, Ga . April 68 
1981, and AIAA Dynamics Specialists Conference. Atlanta, Ga , 
April 9. 10. 1981, Technical Papers Part 2. (A81 29428 12-01 1 New 
York, American Institute of Aeronautics and Astronautics. Inc., 
1981, p 320 331 21 refs (AIAA81O602I 

This paper presents an investigation of the effects of blade 
mistunmg on the aeroelastic stability and response of a cascade -n 
incompressible flow. The aerodynamic, inertial, and structural 
coupling between the bending and torsional motions of each blade 
and the aerodynamic coupling between the blades are included in the 
formulation A digital computer program was developed to conduct 
parametric studies. Results indicate that the mistunmg hat a 
beneficial effect on the coupled bending torsion and uncoupled 
torsion flutter The effect o* mistunmg on forced lesponse, howevei, 
may be either beneficial or adverse, depending on the engine order of 
tne forcing function. Additionally, the results illustrate that it may 
be feasible to utilire mistunmg as a passive control to increase flutter 
speed while maintaining forced response si an acceptable level 

(Author ) 


N9 1 1 7490*# National Aeronautics and Space Admmratranon 
Laws Research Canter. Cleveland. Ohm 

COMPOMTE CONTAINMENT IYSTEM9 POM JIT ENMIIW 
PAN MIAMI 

G T Smith INI II p raft Presented at tha 39th Ann 
Conf of the Rem forced Plastics/ Compos tsea Inst of the Stic of 
the Pier: ics Ind lnc Washington. D C . 19-20 Feb 1991 
(NASA TM-11978 E 700) Aved NTIS HC A02/MF A01 CSCL 
21E 

The use of oomposnes m ten blade containment mrsteme m 
investigated and the associated structural benefits of the composite 
system design are identified Two beam types of containment 
structures were mvestigeted The shod finned concept was 
evaluated using Kevtsr/ipcey laminates for Una which were 
mounted m a 909 1 V 9 aluminum nng Tha long fin concept 
was evaluated with Kevlar /epoxy 6AM V titanium and 2024 T-3 
aluminum fme The unflrmed configurations consisted of tha 
base line steal sheet, a orcumferantieby oriented aluminum 
honey co mb and a Kevlar doth IMed nng Results obtemed show 
that a substantial reduction m tha fen Made containment system 
weight is poeedda Mewmosbon of damage wehm the engine 
arising from impart mteractan between blade debne and tha 
engine structure is also a .ved M G 


N9 1 19479*# Textron Bell Aerospace Co Buffalo N Y 
AEROELAPTIC AND DYNAMIC FINITE ELEMENT ANALY 
9E9 OF A BLADDER 9HROUOED DI9K 

G C C Smith and V Eichuu Mar 1980 152 p refs 
1 Contract NAf 3 203921 

(NASA CR 169729 D2636 9410011 Avail NTIS 

HC A09/MF A01 CSCL 20F 

The delivery and demonstration of a computer program for 
tha analysis of ssroelsstic snd dynamic properties is reported 
Approaches to flutter and forced vibration of mistuned discs 
and transient aerothermoelesticity are described R C T 
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NtMMM'l Taatron Ball Aerospace Co Buffalo N V 

NASTRAN LEVEL IS THEORETICAL MANUAL UPDATES 
FOR AEROELA8TIC ANALYSIS OF BLAOCO DISCS 

V fichu n and G C C Smith Mat 19B0 24 p raft 
(Contract NAS3 203S2) 

(NASA CR 1*9823 02636 94 10021 Avail NTIS 

HC A02/MF A01 CSCL 20K 

A computar program based on ttata or tha art compraator 
and structural technologies appliad to bladad throudad disc v.et 
davafopad and mada oparational in NASTRAN Laval 16 
Aaroalattic analytes modat and fluttar Thaoratical manual 
updatat ara included S F 


NS1-1B4S1*| Taatron Ball Aarotpaca Co Buffalo N Y 
NASTRAN LEVS L IS USSR’S MANUAL UPDATES FOR 
AEROELASTIC ANALYSIS OF BLADED DISCS 

V flchun and A M Gallo Mai 19B0 167 p raft 
(Contract NAS3 203821 

(NASA CR 169824 02636 9410031 Avail NTIS 

HC A08/MF A01 CSCL 20K 

Tha NASTRAN aaroalattic and fluttei capability mat emended 
to solve a clan of problem! associated with aaial flow !ur 
bonttchmM Th# cipibibtiti of tttt pfOQfim irt bnif^ y docuMid 

Tho uro^fniiiNC dcti pvftnntOQ to Iht btodod disc tocto^ . ttn 
m ocirnd — — dyw om fc modofi n p tho ttoody MrotbormooUstic 
design/ analysa formulations and the modal, fluttar. and 
subcriUcal ma te mslytsa ara daaerttoad Sample proMama and 
tftaa solutions are aidudad R CT 


NS1-1S4S2*# Taatron San Aaroapaca Co Buffalo N Y 

NASTRAN LEV1L IS PRODRAMMER’S MANUAL UPOAT18 
POR AEROSLAST1C ANALYSIS OP S LADED DISCS 
A. M Gaflo and B Data Mar 1SS0 SS p raft 

(Contract NAS3-203S2) 

(NASA CR 169826. 02636 941004) Avon NTIS 

HC A06/MF A01 CSCL 2 OK 

Tha programming rou ttn a s for tha NASTRAN Laval 
IS program ara proaantad Particular emphacia la placed on its 
appScotion to ootoolootlc analyses. mode development and flutter 
anatyala for turbomachaw Made* R C T 


NS11S*'e3*| Tamron Ball Aaroapaca Co. Buffalo. N V 

NASTRaN LEVEL IS DEMONSTRATION MANUAL UP- 
OATIS POR AIROSLASTIC ANALYSIS OP BLA0I0 
DISCS 

V l -chun and A M Gallo Mar r SO 16 p raft 
(Contract NA S3 - 20382 1 

(NASA CR 16SS26 D263S-941006I Avan NTIS 

HC A02/MF A01 CfCL 2 OK 

A computar program baaed on ttata of tha an compreeeor 
and atructural ta c hnologsa r applied to bladad shrouded discs waa 
davotopad and mada operational In NASTRAN Hwal IS Tha 
proMama encompeeeed include aaroaiaatic analyses modes, and 
Sutter Tha damonatratton manual update* are described LP M 


th* discontinuities which trite with ttepwite *l*m*ntt. and ar* 
tuitablr tor computing Som* illuttrativ* ttrett dittnhutiom tr* 
pr*t*nt«d for tlamenttl loads and lor multiple pyramidal loads 
involving both normal and tangential loads The velue of the load 
continuity in the more complicated analyses of surface cracks it alto 
illustrated (Author) 



A81 14162 * Continuous analysis of itrstsat from arbitrary 

surface loads on a half space J C Bell iBetlellc Columbus 
Laboratories. Columbus. Ouol International Journal of Solirh and 
Stnjctum vol 16. no 12. 1980. p 1069 1091 11 iris Reteaich 
supported by Batlelle Memoual Institute and Bell Aeiospace Co 
Contracts No F3361 6 72 C 1 739 No NAS3 17760 No NAS3 
21020 

A ne.v form of elemental surface load on a half space it 
introduced presuming e quasi pyramidal variation of load which it 
doubly linear in each ol four rectangular parts of atuitacr rac’angt* 
Approaimations of arbitrary load distributions by sums of tuth 
elements are continuous, (necewite linear in two directions end well 
adaptable The loads may be normal or tangential The explict 
to’utions obtained for all stress and displace man' components due to 
each elemental load involve only elementary functions, ara tree ol 
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43 earth resources 

includes 'emote sensing ol earth resources by aircraft 
and spacecraft photogrammetry and aerial photography 
For instrumentation see 35 Instrumentation and 
Photography 


N8V2M17*f National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

DEMON DESCRIPTION OF THE SCHUCHULI VILLAGE 

PHOTOVOLTAIC POWER SYSTEM Final Report 

Anthony F Rataiczak. Richard W Vastest, and Richard OeLcmberd 

May 1981 100 p 

(Contract 0E-AI01-79ET-20485) 

(NASA TM-82850 DOE/N ASA/20486- 101 Avail NTIS 
HC A06/MF A01 CSCL 108 

A stand eons photovoltaic (PV) power system for the village 
of Schuchuh IGunsightl Arizona on the Papago Indian Reservation 
is a limited energy, all 120 V (del system to which loads 
cannot be arbitrarily added and consists of a 3 6 kW (peak) PV 
array. 2380 ampere-hours of battery storage, an electrical 
equipment building a 120 V (dc I electrical distribution network, 
and equipment and automatic controls to provide control power 
for pumping water into an existing water system, operating 
15 refrigerators a clothes washing machine a sewing machine, 
and lights for each of the homes and communal buildings A 
solar hot water heater supplies hot water for the washing machine 
and communal laundry Automatic control systems provide vohage 
control by limiting the nur.iber of PV strings supplying power 
during system operation and battery charging and load manage- 
ment for operating high priority at the expense of low priority 
loads as the main battery becomes depleted A R H 


NS1-13425*# Houston U.tnr Tex Dept of Mathematics 
NUMERICAL TRIALS OF h!SSE 

Charles Peters and Frank Kampe Principal Investigators 5 Aug 
1980 28 p refs Sponsored by NASA. USDA. Dept of Commerce. 
Dept of Interior, and Agency for International Development 
ERTS 

(Contract NAS9- 14689 Proi AgRlSTARSI 

IE81 10069 NASA Cfl 160881 SR HO 00477) Avail NTIS 

HC A03/MF A01 CSCL 02C 

The mathematical description and implementation of the 
statistical estimation procedure known as the Houston integrated 
spatial/spectral estimator (HISSE) is discussed HISSE is based 
on a normal mixture mode! and is designed to take advantage 
of spectral and spatial information of LANDSAT data pixels, 
utiluing the initial classification and clustering information provided 
by the AMOEBA algorithm The HISSE calculates parametric 
estimates of class proportions which reduce the error inherent 
in estimates de' 'red from typical classify and count procedures 
common to nonpurametric clustering algorithms It also singles 
out spatial groupings of pixels whicn are most suitable for labeling 
classes These calculations are designed to aid the analyst/ 
interpreter in labeling patches with a crop clasa label Finally. 
HISSE s initial performance on an actual LANDSAT agricultural 
ground truth data set is reported E O K 


N81-13429*f Lockheed Engineering and Management Services 
Co . Inc Houston. Tex 

NORMAL CROP CALENDARS VOLUME 2: THE SPRING 
WHEAT STATES OF MINNESOTA. MONTANA. NORTH 
DAKOTA. AND SOUTH DAKOTA 

William L West. III. Principal Investigator Aug i960 24 p 

refs Sponsored by NASA. USDA. Dept of Commerce. Dept of 

Interior and Agency for International Development ERTS 

(Contract NAS9 15800 Pro, AgRlSTARSI 

(ESI 10070 NASA CR 160867 SR L0 00485 

LEM SCO 15034 JSC 16814) Avail NTIS HC A02/MF A01 

CSCL 02 C 

The state crop calendars for the pnncipel spring wheat 
producing states within the United States are presented These 
crop calenders are an update of those produced for the large 
area crop inventory experiment multilabeling task during 1978 and 


are compiled for the foreign commodity production forecasting 
iFCPF) protect of the agriculture and resources inventory surveys 
through aerospace remote sensing program R C T 


N81-13427*f Lockheed Engineering end Management Services 
Co . Inc Houston. Tea 

PRELIMINARY EVALUATION OP THE ENVIRONMENTAL 
REMARCH INSTITUTE OF MICHIGAN CROP CALENDAR 
SHIFT ALGORITHM FOR ESTIMATION OF SPRING WHEAT 
DEVELOPMENT STAGE 

D E Phtnney. Principal Investigator Sep 1980 20 p refs 

Sponsored by NASA. USDA. Dept of Commerce. Dept of Interior, 
and Agency for International Development ERTS 
(Contract NAS9- 15800. Proi AgRlSTARSI 
(E81-10071: NASA-CR- 160885. SR- L0 00476; 

LEMSCO-151 16. JSC-16377) Avail NTIS HC A02/MF A01 
CSCL 02C 

An algonthm for estimating spectral crop c ale n dar shifts of 
spring small grains was applied to 1978 spring wheat fields 
The elgonthm provides estimates of the date of peak spectral 
response by maximizing the cross correlation between a reference 
profile and the observed multitemporal pattern of Kauth- Thomas 
greenness for a held A methodology was developed for estimation 
of crop development stage from the date of peak spectral response 
Evaluation studies showed that the algonthm provided stable 
estimates with no geographical bias Crop development stage 
estimates had a root mean square error near 10 days The 
algorithm was recommended for comparative testing against 
other models which are candidates for use in AgRISTARS 
experiments E D K. 


N81 -13428*| Lockheed Engi n eering and Management Services 
Co . Inc.. Houston. Tex 

LIMITED AREA COVERAGE/ HIGH RESOLUTION PICTURE 
TRANSMISSION (LAC/HRPT) TAPE IJ GRID PIXEL 
EXTRACTION PROCESSOR UMR 8 MANUAL 

S 0 OBnen. Principal Investigator Sep 1980 14 p Sponsored 
by NASA. USDA. Dept of Commerce. Dept of Interior, and 
Agency for International Development ERTS 
(Contract NAS9- 15800. Pro) AgRISTARS) 

(E81-10072: NASA-CR- 160866. EW-L0-00702. 

LEMSC0- 15326. JSC-16374) Avail NTIS HC A02/MF A01 
CSCL 05B 

The program. LACREG. extracted all pixels that are contained 
in a specific U grid section The pixels, along with a header 
record are stored in a disk file defined by the user The program 
will extract up to 99 U grid sections Author 


N91-13429*# Lockheed Engineering and Management Services 
Co . Inc . Houston. Tax. 

LIMITED AREA COVERAGE/HIGH RESOLUTION PICTURE 
TRANSMISSION (LAC/HRPT) DATA VEGETATIVE INDEX 
CALCULATION PROCESSOR UMR'S MANUAL 

S 0 OBnen. Principal Invsstigator Sep 1980 14 p Sponsored 
by NASA. USDA. Dept of Commerce. Dept of Interior and 
Agency for Intemetionel Development ERTS 
(Contract NAS9- 15800 Proi AgRISTARS) 

(E81-10073. NASA-CR 160670. EW-LO-00703 

LEM SCO- 15327: JSC-16376) Avail NTIS HC A02/MF A01 

CSCL 08F 

The program. LACVIN. calculates vegetative indexes numbers 
on limited area coverage/ high resolution picture transmesron 
data for selected U grid sections The U grid sections were 
previously extracted from the full resolution data tapes and stored 
on disk files Author 
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NS1 13430*# Lockheed Engineering and Management Services 

Co . Inc Houston. Tas 

EROS TO UNIVERSAL TARE CONVERSION PROCESSOR 

S 0 OBnan Principal Investigator Sap '980 II p Sponaorsd 

by NASA USOA. Dapt ol Commerce Oapl ol Interior and 

Agancy lor International Development CRTS 

(Contract NAS9 15800 Pro) AgRISTARSI 

(ESI 10074 NASA CR 160869 EW LO 00706 

LEMSCO 15357 JSC 16387) Avail NTIS HC A02/MF A01 

CSCl 068 

The function of the EROS procaaaor is to allow a uaai to 
aalact a (pacific araa from a full frama LANDSAT imaga which 
is nvrittan on taps in tha EROS format Tha araa of intarast is 
raad from tha EROS formatted tapa and convartad to tha JSC 
Universal format and written onto anothar taps This tapa can 
than ba raad by tha IMOACS procassing systam and normal 
analysis can ba parlor mad Author 


N81-13431*# Lockhaad Engmaarmg and Managamani Sarvicaa 
Co . Inc Houston Tax 

NORMAL CROP CALENDARS VOLUME 1: ASSEMBLY 

AND APPLICATION OP HISTORICAL CROP DATA TO A 
STANDARD PROOUCT 

Wifliam L Wast. III. Pnncipsl Investigate Aug I860 21 p 

rah Sponsor ad by NASA. USOA. Dapt ol Commarca Dapt of 
Intanor and Agancy for Intamational Oavriopmant ERTS 
(Contract NAS9 16800 Pro| AgRISTMiS) 

(ESI 10075 NASA CR 160068 SR LO 00484 

LEMSCO 16033 JSC 16813) Avail NTIS HC A02/MF A01 

CSCL 02C 

Tha approach usad m tha coMaction collation, and compilation 
ol normal crop calendar for tha foreign commodity production 
forecasting IFCPF) protect of tha AgRISTA.fS program is 
described A n H 


N8113432*# Lockheed Engineering and Management Services 

Co . Inc . Houston. Tea 

EVALUATION OP RESULTS OP US CORN AND SOYBEANS 
EXPLORATORY EXPERIMENT: CLASSIFICATION PRO- 

CEDURES VERIFICATION TEST 

J G Carnes and J E Baird. Pnncavsi Investigators Sap 1980 
39 p rah Sponsored by NAS.,. USOA Dapt of Commarca 
Dept of Intanor and -v frr inter national Development 
ERTS 

(Contract NAS9 16800. Prut AC L VA.lSI 
(ESI 10076 NASA CR 160873. K LO 00423 
LEMSCO 14386 JSC 16339) Avail NTIS KC A03/MF A01 
CSCL 02C 

Tha claaeihcation procedure utilised in making crop proportion 
estimates for corn and soybeans using remotely sensed data 
was evaluated Tha procedure was derived during tha transition 
year of tha Large Araa Crop Inventory Experiment Analysis of 
variance techniques ware applied to classifications performed by 

3 groupe of analysts who processed 25 segments sal acted from 

4 agrophysical unite (APU's) Group and APU affects wars 

assaaaad to datarmina factors which affected tha quality of the 
classifications Tha classification results ware studied to det jrmine 
tha effectiveness o' tha procedure in producing corn and soybeans 
proportion estimates A R H 


N8 1 1 3433* | Lockheed Engmeenng and Management Services 

Co lne Houston Tas 

LIMITED AREA COVERAOE/HIOH RESOLUTION PICTURE 
TRANSMISSION. LAC/HRPT TAPE CONVERSION PROCES 
SOR USER'S MANUAL 

S O OBrien Principal Invastigf tor Sop 1980 14 p Sponsored 

by NASA. USOA. Dapt of Commarca. Dept of Interior and Agancy 

for International Development ERTS 

(Contract NASB 16800 Pn>| AgRISTARSI 

IEP I 10077. NASA CR 160871 EW LO 00701 

LEMSCO 18326 JSC 163731 Avail NTIS HC A02/MF A01 

CSCL 06B 

Tha program LACS EG converts LAC/HRPT data tapes to 


tne CSC defined Universal format Tha Urwarsal lot matted data 
tape is then processed the normal way by tha FAS IMOACS 
system Author 


N81 33639*# Environmental Heseaich and Technology Inc 
Concoid Mass 

COMPARATIVE ANALYSIS OF SPA ICE FEATURES USING 
SIDE LOOKING AIRBORNE RADAR (SLARI ANO LANDSAT 
IMAGERY Final Report 

James C Barnes and Clinton J Bowley Pnncipsl Investigators 
Cleveland NASA Lewis Reseaich Centei Mai 1981 71 p 

<efs Ouginel contains imsgeiy Original photogiaphy may be 
puichased horn the EROS Date Centei Siou» Falls SO 57198 
ERTS 

'Connect NAS3 219241 

IE81 10044 NASA CR 165335 P 3970 FI Avail NTIS 
HC ^04/ ME A01 CSCL 08 L 

A compaiative analysis of sea ice teatuies was earned out 
using X Band teal speituie side looking aubome isdai (SLARI 
and LANDSAT imagery The SLAR data weie collected by the 
NASA LeRC C 131 airciatt on flights ovei the Mackenzie Delta 
and Piudhoe Banow aieas ol the southern Besufon Sea and 
the Nodon Sound siea of the eastern Benng Sea The LANDSAT 
data weie foi dates as neai as possible to the dales of the 
SLAR missions The analysis of the data sample available for 
the investigation indicates the SLAR imegeiy has distinct 
advantages ovei LANDSAT fo> identifying certain teatuies and 
■ce types It is fuithei indicated that the capability for SLAR 
obseive ice thiough clouds is essential for an opeiational ice 
information system R C T 
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44ENERGY PRODUCTION AND 
CONVERSION 

Include* specific en*r gy convention systems * g fuel 
cellt and bananas global touicts ol energy lottil lualt 
geophysical convaition hydroelectric power and mind 
pomai 

Foi related information tee alto 07 Aircraft Propulsion 
and Power 20 Spacecraft Propulsion and Power 28 
Propellants and ruels and 85 Urban Technology and 
Transportation 


Nil -11444*1 National Aeronautic* and Space Administration 
lewis Research Center Cleveland Ohio 

PERFORMANCE OP A •TUI SPAR WIND TURBINE BLADE 
ON THE MOD 0 100 kW EXPERIMENTAL WIND TURBINE 
Final R eport 

Thao G K.*<th Jr (Toledo Umv ) Timothy L Sullivan and Larry 
A Vnorna Sop 1980 24 p reft 
i Contract EX 70-1 01 10281 

INASA-TM 81568. DOE/ NASA/ 1028-27 E 567) Avail NTIS 
MC A02/MF A01 CSCL 108 

The performance and loading ol a large wind rotor 38 4 m 
m diameter and composed ol two low-cost steel spar blades 
were examined Two blades were fabricated at Lewis Research 
Center and successfully operated on the Mod 0 wind turbine at 
Plum Brook The blades were operated on a tower on which 
the natural bending frequency were altered by placing the tower 
on a leaf spring apparatus It was found that neither blade 
performance nor loading were affected significantly by this tower 
tokening technique Rotor performance exceeded prediction 
while blade loads were found to be m reasonable agreement 
wth those predicted Seventy-five hour* of operation over a 
five month period resulted in no deterioration in the blade 

Author 


N81-1 144B*| National Aeronautics and Space Administration 

Lewis Research Center Cleveland Ohio 

ELECTRIC AND HYBRID VEHICLE SYSTEM R/D 

Harvey J Schwarts 17 Sep 1980 16 p reft Presented at 

Intern Conf on Transportation Electron Dearborn. Michigan 

IS 17 Sep 1980 sponsored by the Vehicle Technol Soc and 

Inrt of Elec and Electron Engr and Soc of Automotive Engr 

and Inst o' Elec Engr 

(Contract DE AI01 77CS 510441 

(NASA TM 81606 E 599 DOE/ NASA/ 6 1044 11) Avail 
NTIS HC A02/MF A01 CSCL 108 

The wo'k being done to characterise the level of current 
p.opultion technology through component testing it described 
Important interactions between the battery and tha propulsion 
system will be discussed Component development work 
involving traction motors motor controllers and transmissions 
are described and current results art presented Studies of 
advanced electric and hybrid propulsion system studies art 
tummanred and the status of propulsion system development 
work supported by the protect is described A strategy for fostering 
toint induttry/government protects for commercialisation of 
propulsion components and systems it described briefly T M 


NB1- 12542* National Aeronautics and Space Admmittiation 
lewis Research Center Cleveland Ohio 

SOLAR CELL SYSTEM HAVING ALTERNATING CURRENT 
OUTPUT Patent 

John C Evans Jr. inventoi Ito NASAI Issued 12 Aug 1980 
6 p Filed 10 Aug 1979 Continuation in part of abandoned 
US Patent Appl SN 915050 filed 9 Jun 1978 
(NASA Case LEW 12806 2 US Patent 4 217 633 
US Patent Appl SN 065676 US Patent Class 363 27 
US Patent Oats 136 249 US Patent Oast 136 291 
US Patent Oats 363 60 US Patent Oats 363 147 
US Patent Appl SN 9150501 Avail US Patent and Trademark 
Office CSCL 10A 

A monolithic multi|unction solar cell was modified by 
fabricating an integrated circuit inverter on the back of the cell 
to produce a device capable of generating an alternating current 


output In another embodiment integrated curcu it power 
cooJitioning electronics was incorporated inert dule containing 
a s Var cell power supply 

Official Gazette of the U S Patent and Trademark Office 


NS1- 13443* f National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

DATA ACQUISITION AND ANALYSIS IN THE OOE/NABA 
WIND ENERGY PROGRAM 

Harold E Neuttadter 1960 18 p reft Presented at Symp 

on Detection Diagnosis and Prognosis Santa Monica. Celif. 
7 9 Oct 1080 sponsored by NBS 
(Contract EX 76 1-01 10281 

I NASA -TM -8 1603 E 6941 Avail NTIS HC A02/MF A01 CSCL 
106 

Four categories of data systems each responding to a distinct 
information need are presented The categories are control, 
technology engineering and performance The focus it on the 
technology data system which consists of the following elements 
tensors which measure critical parameters such at wind speed 
and direction output power blade loads and strains, and tower 
v.brstiont remote multiplexing units IRMU) mounted on each 
wind turbine which frequency modulate multiplex and transmit 
sensor outputs the .natrumentation available to record process 
and display these signals and centralized computer analysis of 
data The RMU characteristics and multiplexing techniques are 
presented Data processing is illustrated by following a typical 
signal through instruments such at the analog tape recorder 
analog to digital converter, data compressor digital tap* recorder, 
video (CRT) display and strip chart recorder Author 


N81-134S4*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

STATUS OF COMMERCIAL PHOSPHORIC ACID FUEL CELL 
SYSTEM DEVELOPMENT 

Marvin Warshay Paul R Pros pius Steven N Simons and Robert 
B \.ng 1981 12 p refs Proposed for presentation at 19th 

Aerospace So Meeting. St Louis 12 15 Jan 1981 sponsored 
by AIAA 

(Contract DE AI03 79ET 1 1272) 

(NASA TM 81641 E 659 DOE/NASA/ 1 1 272-2) Avail NTIS 
HC A02/MF A01 CSCL 10A 

In both the electric utility and onsite integrated energy system 
applications reducing coat and increasing reliability are the main 
technology drivers The longstanding barnei to the attainment 
of thee* goals which manifests itself in a number of ways was 
materials The differences in approach among the three mator 
participants lUnited Technologies Corporation Westing hoots 
Electric Corporation/ Energy Research Corporation and Engelhard 
Industries) and their unique technological features mcludmj 
electrodes matrices intercell cooling bipolar/ separator plates 
electrolyte management fuel selection and system design 
philosophy are discussed Author 


N81-13466*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

IGNITION OF LEAN FUEL-AIR MIXTURES IN A PREMIXING 
PRE VAPORIZING DUCT AT TEMPERATURES UP TO 
1000 X 

Robert R leone Dec 1980 16 p reft 
(Contract DE AI01 77CS 510401 

(NASA TM 81645 E 9356 3 DOE/ NASA/ 6 1040 191 Avail 
NTIS HC A02/MF A01 CSCL 218 

Conditions were determined in a premising prevaporizing fuel 
preparation duct at which ignition occurred An air blast type 
fuel miector with nineteen fuel injection points was used to 
provide a uniform spatial fuel an mixture The range of inlet 
condit>nnt where ignition occurred were inlet air temperature* 
of 600 to 1000 K an pressures of 180 to 660 kPa equivalence 
ratio* duel air ratio divided by stoichiometric fuel air ratio) from 
0 12 to 1 05 and velocities from 3 5 to 30 m/t The duct was 
insulated and the diameter was 12 cm Mixing lengths were 
vaned from 16 6 to 47 6 and residence time* ranged from 4 6 to 
107 ms The fuel was no 2 diesel Results show a strong 
effect of equivalence ratio pressure and temperature on the 
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conditions where ignition occurred The data did not fit the 
most commonly used model o* auto ignition A coi relation of 
the conditions wrheis ignition would occur which apply to this 
test apparatus over the conditions tested is tp/VI phi to the 
I 3 power - 0 62 a to the 2804/T power where p is the 
pressure m kPa V is the velocity in m/e. phi is the equivalence 
ratio, and T is the temperature in K The data scatter was 
considerable varying by a maximum value of 5 at a given 
temperature and equivalence ratio There was wide spread in 
the autorgnition dels contained in the references A R H 


N811439*"* National Aeionautics and Space Administration 
Lewis Research Centei Cleveland Ohio 

CATALYTIC COMBUSTION OF COAL-DERIVED LIQUIDS 
Daniel L Bul/an and Robert R Tacina 1981 25 p r*t> 

Presented at 26th Ann Intern Gas Turbine Coni Houston Tex 
8 12 Mai T98I sponsored by ASME 
(Contract DE AI0I 77ET 103501 

INASATM 81594 E 661 DOE/ N A SA 1 0350 2 1 1 Avail 
NT1~ HC A02/MF A01 CSCL 108 

A noble metal catalytic reactor was tested with three grades 
ol SHC 2 coal dettved liquids naphtha middle distillate and a 
blend of thiee parts middle dis'illate to one pert heavy distillate 
A petioleum derived number 2 diesel fuel was also tested to 
provide a direct comparison The catalytic reactor was tested at 
rnlet temperatures from 600 to 800 K reference velocities from 
10 to 20 m/s. lean fuel an ratios and a pressure of 3 a 10 to 
the 5lh power Pa Compared to the diesel the naphtha gave 
slightly (letter combustion efficiency the middle distillate was 
almost identical and the middle heavy blend was slightly 
poorer The coal deuved liquid fuels contained horn 0 58 to 
0 95 percent nitrogen by weight Conveision of fuel nitrogen to 
NOa was approximately 75 percent for all three grades of the 
coal derrvad liquids Authoi 


N81 14397*1 National Aeronautics and Space Administration 
Lawis Research Center Cleveland Ohio 

APPLICABILITY OF AOVANCEO AUTOMOTIVE HEAT 
ENGINES TO SOLAR THERMAL POWER 

Donald G Beremand David G Evans and Donald l Alger 198t 
26 p refs Presented at SAE Intern Eng Congr and Exposition 
Detroit 23 27 Feb 1981 
I Connect EX 76 A 29 10601 

(NASA TM 81658 E 675 DOE/NASA/ 1060 4> Avail NTIS 
HC A03/MF A01 CSCL 10B 

The requirements of a solar thermal power system are 
reviewed and compared with the predicted characteristics of 
automobile engines under development A good match is found 
■n terms of power level end efficiency when the automobile 
engines designed foi maximum powers of 65 100 kW 187 to 
133 hpl are operated to the nominal 20 40 kW electnc output 
requirement of the solar thermal application At these reduced 
power levels it appeers that the automotive gas turbine and 
Stirling engines have the potentiel to delivei the 40 r percent 
efficiency goel ol the solai thermal program M G 


NS1 14398"* National Aeronautics and Space Administration 
Lewis Research Centei Cleveland Ohio 

ULTRA LEAN COMBUSTION AT HIGH INLET TEMPERA 
TURES 

David N Anderson 1981 20 p rets Presented at 26th 

Intern Gas Turbine Coni Houston Tex 8 21 Mai 1981 
sponsored by ASME 
(Contract EC 77 A 31 11011 

(NASA 1M 81640 1 677 DOE NASA; 10 1 1 331 Avail NTIS 
HC A02 MF A0 1 CSCL 218 

Combustion at inlet an temperatures of 1 100 10 1250 K 
was studied for application to advanced automotive gas turbine 
engines Combustion we.' initiated by the hot environment and 
therefor* no external ignition source was used Combustion wss 
stabilized without a Hameholdei The test* were performed in a 
12 cm diameter test section at a pressure of 2 5 x 10 to the 
5th power P* with reference vetocities of 32 to 60 m/sec and 
at maximum combustion lemperatuies of 1350 to 1850 K 
Number 2 diesel fuel was rri|*rt*d by means of a multiple source 


fuel iniector Unburned hydrocarbons amissions weic negligible 
lor ell test conditions Nitrogen oxides emissions weia less than 
1 9 g NO?/ kg fuel for combustion temperatures below 1680 K 
Carbon monoxide emissions were less than 16 g CO/ kg fuel 
for combustion temperatures greater than 1600 K inlet air 
tamperatures higher than 1 150 K and residence times gieatei 
than 4 3 minoseconds Author 


N61-14399*||l National Aaionautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 

EFFECT OF FUEL NITROGEN AND HYDROGEN CONTENT 
ON EMISSIONS IN HYDROCARBON COMBUSTION 

Dav>d A Butker and Gery Wohirandt 1981 24 p refs Presented 
at 26th Ann Intern Gas Turbine Conf Houston Tex 8 12 Mar 
1981 sponsored by ASME 
iContract DE AI0177ET 103501 

INASATM 81612 E 614 DOE/NASA 10350 191 Avail NTIS 
HC A02/MF A01 CSCL 108 

How tha emissions of nitrogen t and carbon monoxide 
ai* affected by (II the dec maxed hyc. gen content and (21 the 
increased organic nitrogen content of coal domed fuels is 
investigated Previous CRT experimental work in a two stag* 
flame tube has shown the effectiveness of rich lean two stage 
combustion in reducing fuel nrtiogen conversion tc nitrogen oxides 
Previous theoieiicsl work gave preliminary indications that 
emissions trends from the flame tube experiment could be 
piedmed by a two stage well stirred reactor comburtor model 
using a detailed chemical mechanism foi propane oxidjtion and 
nitrogen oxide formation Additional computations are reported 
and comparisons with experimental lesults for two additional 
fuels and a wide range of operating condition* ere given Fuels 
used m the modeling *ie pui* propane a propane toluene mixture 
and pure toluene These give hydrogen contents 16 11 and 9 

percent by weight respectively Fuel brund nitrogen contents of 
0 5 and 1 0 percent were used Results are presented for oxides 
of nitrogen and also carbon monoxide concentrations as a function 
of pumaiy equivalence ratio hydrogen content and fuel bound 
nitrogen content Authoi 


NS1-1B484*f National Aaronautics and Spaca Administration 
Lewis Reaeerch Centei Cleveland Ohio 
ELECTRONICALLY COMMUTATED dc MOTORS FOR 
ELECTRIC VEHICLES 

Edward A Maslowski 1981 IB p rafs Prepared for presentation 
at Soc of Automotive Engr Intern Congr and Expoartion Detroit 
23 27 Feb 1981 
IContract DE-AI01 77CS 510441 

(NASA TM 81654 E 667 D0E/NASA/61044 141 Avail 

NTIS HC A02/MF A01 CSCL 09C 

A motor development program to explore the feasibility of 
electronically commutated dc motors (alto known as brushless) 
for electric cars is described Two different design concepts and 
a number of design variations bated on these concepts are 
discussed One design concept it based on a permanent magnet 
medium speed machine rated at 7000 to 9000 rpm and powered 
via a transistor inverter power conditioner The other concept is 
based on a permanent magnet high speed machine rated at 
22 000 to 26 000 rpm and powered via a thyristor inverter 
power conditioner Test results are presented for a medium speed 
motor and a high speed motor each of which have been fabricated 
using samarium cotk’it! permanent magnet material Authoi 


NB1-1B4SS*# National Aaronautict and Space Administration 
Lewis Research Center Cleveland Ohio 

CHARACTERIZATION OF THE NEAR TERB ELECTRIC 
VEHICLE IETV 1) BREADBOARD PROPULSION SYSTEM 
OVER THE BAE J227a DRIVING SCHEDULE 0 

Noel 8 Sargent and Mile* 0 Dustin 1961 15 p refs Prepared 
for presentation at See of Automotive Engr Intern Congr and 
Exposition Detroit 23 27 Feb 1981 
IContract 0E AI01 77CS 610441 

INASA TM 81664 E 684 D0E/NASA/61044 16) Avail 
NTIS HC A02/MF A01 CSCL 108 

The electric test vehicle one IETV 1) was built from the 
ground up with present state of the art technofogy Two vehicles 
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were built and ara presently being avaluatad by NASA i Jet 
Propul* ion laboratory IJPLI A duplicata Ml of propulsion systam 
componantt war built, mountad on a brsadboard. and dolnrarad 
to NASA * Lawns Rasaarch Cantar lor tasting on tba road load 
emulator IRLS) Driving cycla tasts complatad on tba systam 
ara daacnbad E D K 


National Aaronautic* and Spaca Admimatration 
Lawns Rasaarch Cantar. Cleveland Ohio 
MIQH VOLTAGE PLANAR MULTIJUNCTION Patant 

J C Evans Ji . A T Chai. mvantors (to NASA), and C P 
Goradia Filad 24 Dac 1880 16 p 

(NASA Case LEW 13400 1. US Patent AppI SN 219677) Avail 
NTIS HC A02/MF A01 CSCL 10A 

A tolai call which provide* high output voltage*, compneee 
a samiconductoi water m which a number or array ol voltage 
generating regions or unit calls ar* formed Each of the unit 
calls hat two regions of opposite conductivity typo I* g . n* 
and pt I which ara separated by a gap region The unit calls 
ara connected together by metal contacts so that than outputs 
ara additive Field regions, separated by gape overlie the uhit 
cells Call* are formed m both feces of the wafer, a circular 
wafwr is amployed NASA 


NS1- 16628*# National Aeronautics and Spaca Administration 
Lewis Research Cantar. Oavaland Ohio 

HIGH VOLTAGE V-QROOVE SOLAR CELL Patent Applies 
don 

John C Evans Jr . An-Ti Chai and Chandra P Goradia Filed 
24 Dec 1980 11 p 

(NASA Case LEW 13401-1. US Patent AppI SN 2186781 Avail 
NTIS HC A02/MF A01 CSCL 10A 

The fabrication of the call is described The solar cell features 
a plurality of discrete voltage generating regions or unit calls 
which are formed m a single generally planar semiconductor 
body The unit calls comprise doped regions of opposite 
conductivity type separated by a gap or indiffuted region* Metal 
contact* connect adiacent cells together in senes so that the 
output voltages of the individual calls are additive In some 
embodiments doped field regions separated by gaps overlie the 
unit cells but the cells may be formed in both faces of the 
wafer T M 


N61 19662*1 National Aeronautica and Space Admmotration 
Lewie Research Canter. Cleveland. Ohio 
ANALYTICAL INVESTIGATION OP EFFICIENCY AND 
PERPORMANCE UNITE IN KLYSTRON AMPUPIERS USING 
MULTIDIMENSIONAL COMPUTER PROGRAMS; MULTI- 
STAGE DEPRESSED COLLECTORS: AND THERMIONIC 
CATHOOC UPE STUDIES 

H G Koemehl In NASA Johnson Space Center Solar Power 
SateMrte Microwreve Transmission and Reception Dec 1880 
p 206-213 reft (For primary document see N81-16633 07-44) 
Avail NTIS HC A16/MF A01 CSCL 10A 

An extensive parametric investigation wa* performed of the 
extraction of energy m output gap* of klystron amplifiers using 
3-D computer program* Due to complexity of the program which 
used a hydrodynamic axially and radially deformable disk ring 
model and the resulting long computing lima, the investigation 
wa* limited to the output gap by far the most important and 
difficult part of the Uys-.ron interaction Results show that, for a 
confined flow focused beam throughout the penultimate cavity 
radial velocities remem very small and the beam is highly laminar 
It was. therefor*, concluded that possible error* resulting from 
treating only the output cavity m 3-0 would remem small T M 


N61- 18670*1 National Aeronautics and Space Administration 
Lawns Rasaarch Center C l eveland Ohio 
PERPORMANCE CALCULATIONS POR 1000 MWe MHO/ 
STEAM POWER PLANTS 

C C P Plan 1881 1 6 p ref* Presented at the 1 8th Aaroapeca 


Sci Masting St Louis. 12-16 Jan 1881. sponsored by AIAA 
(Contract DE-A101-77ET- 107691 

(NASA TM-81667 DOE/NASA/ 10769- 1 3. E 698) Avail 
NTIS HC A02/MF A01 CSCL 108 

Tha affacta of MHD generator operating condrhona and 
constraints on the performance of MHD/steam power plants 
at* investigated Powrer plants using high temperature combustion 
an preheat (2600 F) and plants using intermediate temperature 
preheat (1100 F) with oxygen enrichment ara considered 
Variations of thee* two types of power pients are compared on 
the basis of fixed total electrical output 11000 MWs) Results 
ar* presented to show the effect* of generator plant length and 
level of oxygen enrichment on the plent thermodynamic effic i ency 
and on the required generator mass flow rat* Factor* affecting 
tha optimum levels of oxygen enrichment ere analysed It la 
shown that oxygan enrichment can reduce magnet stored 
energy requirement Author 


N81-16671*f National Aeronautics and Space Administration 
lewis Rasaarch Canter. Clevel a nd. Ohio 
OPP-OESION ANALYSIS OP A GAS TURBINE POWER- 
PLANT AUOMENTEO BY STEAM INJECTION USING 
VARIOUS FUELS 

Robert J Stochl Nov 1980 29 p refs 
(NASA TM 81611. F. 609) Avail NTIS HC AC3/MF A01 CSCL 
106 

Result* ar* compared using coal derived low and intermediate 
heating valve fuel gases end a conventional distillata Tha results 
indicate that steam injection provides substantial Increase* m 
both power and efficiency within th. available compressor aurgs 
margin The results also indicate that the** performance gams 
ara ralatnraly intansitive as to tha type of fuel Also, m a 
cogeneration application steam injection could provide soma 
degree of flexibility by varying the split betwreen power and 
process steam TM 


NS1- 16864*1 National Aeranautics and Space Administration 
Marshall Space Flight Cen’xr. Huntsville Ala 

DEVELOPMENT ANO T -STING OF HEAT TRANSPORT 
FLUIDS FOR USE IF ACTIVE SOLAR HEATING AND 
COOLING SYSTEMS Inal R eport 

John C Parker Jan 1981 43 p Sponsored m cooperation 

with DOE Prepared in part by Houston Chemical Corp Corpus 
Chnsti. Tax 

(Contract NASA 32265) 

(NASA TM 82396) Avail NTIS HC A03/MF A01 CSCL 
108 

Work on heat transport fluids for usa with active solar heating 
and cooling systems is described Program objective* and how 
they were accomplished including problems encountered during 
testing ar* discussed S F 


NS1- 17981*1 National Aeronautics and Spec* Admevefration 
Lewis Research Canter. Cleveland. Ohio 

SPACE PHOTOVOLTAIC RESEARCH AND TECHNOLOGY 
I960. HIGH EFFICIENCY. RADIATION DAMAGE AND 
BLANKET TECHNOLOGY 

1960 395 p reft Conf held in Cleveland 16-17 Oct 1960 
(NASA-CP 2169. E 4691 Avail NTIS HC A17/MF A01 CSCL 
10A 

The application of silicon tolar cells are discussed wntti respect 
to their importance in the exploration of spec* Several aspects 
of the technology associated wntti the development of photovoltaic 
device* ar* reported For mdryidual titles, tee N81 -17632 through 
N81- 17576 


NS1 -17986*1 National Aeronautics and Space Administration 
Lawns Research Center O avaland. Ohio 
THE EFFECT OF MINORITY CARRIER MOBILITY VARIA- 
TIONS ON THE PERFORMANCE OF HIGH VOLTAGE 
SILICON SOLAR CELLS 

V G Waiter and M P GodHweki In at Space Photovoltaic 
Ras and Techno! 1960 p 29-36 refs (For primary document 
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sea NS 1 1 7631 08 44) 

Avail NTIS HC A17/MF A01 CSCL 10A 

A multiatap diffusion processing schedule is described which 
allows ths stummsm of high opsn circuit voftagss in 0 1 ohm/cm 
silicon calls Ths schoduls consists of a deep primary diffusion, 
followod by an acid stch of ammmtr surface which is than 
followed by a shadow secondary diffusion A correlation is made 
between the observed voltage increases and the tune of primary 
diffusion Results indicate that as the primary diffusion time 
increases, the voltage rises monotonicelly R C T 


N81- 17BS8*| National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 
THEO* r T 1CAL RESULTS ON THE DOUBlf -COU1 CT1NQ 
TANDEM JUNCTION SOLAR CELL 

Chandra Goradia (Cleveland Stats Umv ). John Vaughn (Cleveland 
Stats Untv I and Cosmo R Baraona fn its Lewis Research 
Center Specs Photovoltaic Ras and T school 1880 p SI -69 
refs (For primary document ss< N81 17531 08-44) 

Avad NTIS HC A17/MF A01 CSCL 10A 

Results of computer calculations using a one dimensional 
model of the silicon tandem function solar call with both front 
and back current collection are presented Using realistically 
achievable geometrical and material parameters, the model 
predict* that with base widths of 60 micrometers and 
100 micrometers and base resistivities between 1 ohm/ cm and 
20 ohm/cm. beginning of life efficiencies of 14% to 17% and 
and of life efficiencies of 12% to 14% after about seven years 
m synchronous orbit, can be obtained Author 


N81- 17BB4*f National Aeronautics and Space Administration 
Lewis Research Canter Cleveland. Ohio 

ANNEAUNO Of RADIATION DAMAGE IN LOW RE8I8TIV 
ITT SILICON SOLAR CELLS 

I Weinberg and C K Swam fn ns Specs Photovoltaic Res 
and Technol 1880 p 181-186 (For primary document sea 
NS1-17S31 08-44) 

Avail NTIS HC A17/MF A01 CSCL 10A 

The reduction of the temperatures required to restore cell 
performance after irradiation was investigated with emphasis on 
the annealing characterise of tv.ro groups of cells containing 
different amounts of Oxygen and carbon Examination of defect 
behavior in irredieted boron doped silicon leeds to the tentative 
conclusion thet further reduction in annealing temperature could 
be achieved by decreasing the cartoon concentration and either 
neutralising the divacency and/or minimising its formation as a 
result of irradiation A significant reduction m the temperature 
required to remove radiation induced degradetion in 0 1 ohm 
centimeter silicon solar cells was a c hieved A.R H 


N81-17887*| National Aeronautics and Stpece Administration 
Lewis Research Center. Cleveland Ohio 
RADIATION DAMAGE IN SILICON NIP SOLAR CELLS 
I Weinberg. C Goradia (Cleveland State Umv), C K Swam, 
and A M Hermann In its Space Photovoltaic Res and Technol 
1S80 p 188-208 refs (For primary document see N81-17631 
08-441 

Avail NTIS HC A17/MF A01 CSCL 10A 

The performance parameters of n( + ) p pi ♦ ) silicon solar 
cells of varying thicknesses with boron doped p base resist iviliea 
of 1260 and 84 ohm centimeters were determined High injection 
theory was used to analyze the experimental data Results from 
an analysis of open circuit voltages show a much greater 
contribution to Vloc) from the back | unction than is the caee 
for the lower resistivity m common me The base minority 
carrier distribution is seen to be significant m determining the 
contribution of VIB) the baee contribution to Vloc) Although 
VI 8) is small its value increases with increasing radiation fluence 
In this connection it • noted that with illumination from the 
pi ♦ I side the sign of VIB) becomes positive, and VIB) itself 
becomes an additive term to Vloc) Diffusion lengths determined 
under high infection conditions are significantly greeter then those 
obtained under low infection while damage coefficients under 
low infection are higher than those obtained under fugh infection 
conditions A R H 


N81-17B91*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
OaAa HOMOJUNCTI iN SOLAR CELL DEVELOPMENT 
Dennis .1 Flood. Clifford K Swartz and Russell i Hart. Jr In 
ns Specs Photovoltaic Res and Technol 1880 p 239-247 
refs (For pnmary document see Nil 1753 1 08-44) 

Avail NTIS HC A17/MF A01 CSCL IDA 

The Lincoln Laboratory n( + )/p/pf + ) GaAs shallow ho mof unc- 
tion cell structure was successfully demonstrated on 2 by 2 cm 
GaAs aubetrates Air meat zero efficiencies of the seven cells 
produced to dete range from 13 8 to 16.6 percent Current voltage 
(l-V) characteristics, spectral response, and measurements were 
made on all seven cede Preliminary analysis of 1 MaV electron 
radiation damage data indicate excellent radiation resistance for 
these cells Author 


N81- 17684*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
PROTON RADIATION DAMAGE IN BULP N-GeAa 
0 C Liu. J W Blue. D J Flood, and W E Stanchina In Us 
Space Photovoltaic Ras and Technol 1980 p 286-276 refs 
Prepared in cooperation with Notre Dame Umv. Ind. (For pnmary 
document aw N8 1 1 7631 08-44) 

Avan NTIS HC A17/MF A01 CSCL 10A 

Bulk samples of Te-doped n-type GaAs were irradiated using 
10 MaV to 24 MaV protons to fluences between 2 a 10 to the 
11th power protons/ sq cm and 2 a 10 to the 14th power 
protons/ sq cm Maionty carrier electrical affects were measured 
using the vsnderPauw techniques and it was observed that 
radiation damage was minimal at the 10 to the 1 1th power 
proton/ sq cm fluence For the higher fluences. earner removal 
was proportional to Doha E/ Delta a for the protons indicating 
ionization interactions between the protons and atoms Thermal 
annealing was observed at 166 C Author 


N81- 17671*| National Aeronaubcs and Space Adnuruetrabon 
Lewis Resear c h Center. O aval and. Ohio. 

RECENT DEVELOPMENTS IN LIGHTWEIGHT SOLAR CELL 
MODULES 

J 0 Broder and A F Foreeben In its Specs Photovoltaic Res 
and Technol 1880 p 346-349 refs (For pnmary document 
see N81 17631 08-44) 

Avail NTIS HC A17/MF A01 CSCL 10A 

Two typn of liyfitwnjtu loilf coll moduiH woco proporod 
Ths goal » to achieve a module with a power to weig ht ratio 
of 360 watts per kilogram Both structures use thin cells 
approximately 60 micrometers thick and glass covers ap- 
proximately 76 micrometers thick In one structure the glass ie 
bonded to the module using 83-600 silicone adhesive, whits 
the other relies on heat and pressure bonding using FEP as the 
adhesive Specific powers of about 336 watts per kilogram were 
achieved J.M.8. 


N81-18881*# National Aeronautics and Space Administration 
Lewis Research Center Oeveland. Ohio 

IMPROVED THERMIONIC ENERGY CONVERTERS Patent 

James F Morris inventor (to NASA) Filed 19 Fab 1991 

11 p 

(NASA Case LEW- 12443-1. US-Patent-Appi-SN-236797) Avail 
NTIS HC A02/MF A01 CSCL 10A 

The efficiency of thermionic energy converters a improved 
by reducing plasma lose as This is achieved by internal distribution 
of tiny shorted cesium diodes driven by the therms! gradient 
between the primary emitter and the collector The fmy. shorted 
dwda distribution co m prises protrusions of the emitter material 
from the mem emitter face which contact the mem collector 
face thermally but not elect needy The mam colle c tor ends of 
the protrusions are separated from the mam collector by a thm 
layer of maulabon. such aa aluminum oxide The (bode effect 
wifl in c rease with the use of metals fhat adsorb cesium leas 
r ea d i l y lor the mam emitter ends of the titty protrusions and 
metals that adsorb cesium more reeddy for the mam collector 
ends of the protrusions Author 


99 


NS 1-2 161 6* # National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 

ACCEPTANCE TESTE AND MANUFACTURER RE- 
LATIONSHIPS FROM TNI BOA H ITANOARO CILL OATA 

Harold F Laibecki In NASA Goddard Spaca Flight Cantor 
The 1SS0 Goddard Space Flight Canter Battery Workshop Mar 
1111 p 243-2B6 (For primary document see N81 -2 1483 12-441 
Avail NTIS HC A1B/MF A01 CSCL IOC 

Seventeen performance testa wore used to classify spacecraft 
batteries in four standard groups established toy manufacturers 
Tests included capacity delivered values, end of charge voltage 
valuee. and internal shorts Variance ratios are Hated S F 


N61-21637*# National Aeronautics and Space Administration 

Lewis Research Center. Cleveland Ohio 

TNI NASA-URC WIND TURBINS BOUND RRIDICTION 

CODE 

Larry A Viterna 1981 10 p rets Presented at Second 

DOE/ NASA Wind Turbine Dyn Workshop. Cleveland 24-28 Feb 
1981 

(Contract OE AI01 76ET 203661 

(NASA TM 81737. DOE/ NASA/ 20386 1 E 808) Avail NTIS 
HC A02/MF A01 CSCL 108 

Development ol the wind turbine sound prediction code began 
as part ol an elfort understand and reduce the noise generated 
by Mod-1 Tone sound levels predicted with this code are in 
good agreement with meesured data taken in the vicinity Mod - 1 
wind turbine (less than 2 rotor diameters) Comparison in the 
lar field indicates that propagation affects due to terrain and 
atmosphenc conditions may amplify the actual sound levels by 
8 dB Parametric analysis using the code shows that the 
predominant contributors to Mod 1 rotor noise are ( 1 ) the velocity 
deficit in the wake of the support tower (2) the high rotor 
speed, and (3) off-optimum operation S F 


N81 -224BB*# National Aaronautics and Space Administration 
lewis Research Center Cleveland Ohio 

ADVANCED INORGANIC SEPARATORS FOR ALKALINE 
BATTERIES AND METHOD OF MAKING SAME Patent 
AppMofltfton 

Dean W Sheibtey invertor (to NASA) Filed 27 Feb 1981 

18 p 

(NASA Cate LEW 13171-1 US Patent AppI SN 238790) Avail 
NTIS HC A02/MF A01 CSCL IOC 

A method of forming a flenbie porous battery separator 
comprising a coating applied to a porous flesibie substrata is 
discussed The coetmg compnses (1) e thermoplastic rubber 
baaed resin winch is insoluble and unreectnre in the alkaline 
electrolyte (21 a polar organic platticuer which is reactive with 
the alkaline electrolyte to produce a reaction product which 
contains a hydroxyl group and/or a carboxylic acid group and 
(31 a mixture of polar particulate filler materials which are 
unreectnre with the electrolyte The mixture comprises at least 
one first filler material, wherein the volume of the mixture of 
filler matenals is less than 46% of the total volums of the fillers 
and the binder the filler surface area per gram of binder is 
about 20 to 60 sq m/gr and the amount of plasticiser is sufficient 
to coat each filler particle NASA 


N81 -22472* f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COMPARISON OF UPWIND AND DOWNWIND ROTOR 
OPERATIONS OF THE DOC/NASA 100-kW MOO 0 WIND 
TURBINE 

John C Glasgow Dean R Miller and Robert D Corrigan 1981 
12 p refs Presented at the 2nd DOE/ NASA Wind Turbine 
Dyn Workshop Cleveland 24-28 Feb 1881 
(NASA TM 81 744 E 798 DOE/NASA1028 31) Avail NTIS 
HC A02/MF A01 CSCL 108 

Three aspects of the test results are compared rotor blade 
bending loads rotor teeter response and nacelle yaw moments 
As a result of the tests it is shown that while mean flatwise 
bending moments were unaffected by the placement of the rotor 
cyclic flatwise bending tended to me r ease with wind speed for 
the downwind rotor while remaining somewhat uniform with 


wind speed for the upwind rotor reflecting the effects of increased 
flow disturbance for a downwind rotor Rotor taeter response 
was not significantly affected by the rotor location relative to 
the lower, but appears to reflect reduced teeter stability nea-- 
rated wind speed for both configurations Teeter stability appears 
to return above wind speed, however Nacelle yew momenta 
are higher *or the upwind rotor but do not indicate significant 
design problems for either conflgu. jtion T.M 


NS1 -22476*| National Aaronautics and Specs Administration 
Lewis Research Center. Cleveland. Ohio 

PERFORMANCE CALCULATIONS FOR 200-1000 MWe 
MHD STEAM POWER PUNTS 

Peter J Staigar 1881 11 p reft Presented at the Nineteenth 

Symp on the Eng Aspects of MegnetOhyJ’Odyn . Tullahoma. 
Tann. 16-17 Jun 1881 

(NASA-TM-81 7 7 F. DOE/NASA/ 1 0788- 16 E-838) Avail 
NTIS HC A02/MF A01 CSCL 108 

The effects of MHD generator length, level of oxygen 
enrichment, and oxygen production power on the performance 
of MHD/steam power plants ranging from 200 to 1000 MW m 
electrical output are investigated The plants conardarad use 
oxygen enriched combustion air preheated to 1 100 F Both plants 
in which the MHD generator is cooled with low temperature 
and pressure boiler feedwater and plants in which the generator 
la cooled with high temperature and preaaure boiler feedwater 
are considered For pants using low temperature boiler feed- 
water for generator cooling the maximum thermodynamic 
efficiency is obtained with shorter generators und a lower level 
of oxygen enrichment compared to plants using high temperature 
boiler feedwater for generator cooling The generator length at 
which the maximum plant efficiency occurs increases with power 
plant site for plants with a generator cooled by low temperature 
feedwater Alar shown w the 'slationahrp of the magnet stored 
energy requirement of the generator length and tha power plant 
performance Feasible cost/performance tradeoffs between 
magnet cost and plant performance era indicated Author 


N81 -22477*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
REVIEW OF STAND-ALONE PHOTOVOLTAIC APPLICATION 
PROJECTS SPONSORED B y US DOE AND US AID 

WSiam J Bifeno IBS* 12 p refs Presented at tha Ann 
Conf of the Am Sect of the Intern Solar Energy Soc . Inc.. 
Philadelphia 26-30 May 1881 
(Contract DE-AI01 79ET 20485) 

(NASA TM-81738 DOE/ NASA/ 7.0486-6. E-808) Avail NTIS 
HC A02/MF A01 CSCL 10A 

Experience with dc photovoltaic systems (without backup 
powerl and ranging in output from 23 to 3.600 peak watts, in 
a wide range of environmental condition* and with a wide range 
of insolation, is described Cooperation of NASA with other 
genemment agencies resulted in the installation of an air pollution 
monitor m New Jersey, a seismic sensor m Hawaii, power for 
lookout towers m national forests m California an electric power 
system for a Papego Indian village in Antons, and a power 
system for a gram mill end water pump m Tengaye Upper 
Volta Significant operational results are discussed and system 
reliability it a ss e sse d for the 20 experimental systems mttsKed 
since 1976 Additional systems to be installed overseas are 
h ighiighl ed and economic factors are considered A R H 


N81 -2247S*| National Aeronautics and Space Administration 
Lewie Reeearch Center. Cleveland Ohio 
AN EXPERIMENTAL INVESTIGATION OF SILICON WAFER 
SURFACE ROUGHNESS AND ITS EFFECT ON THE FULL 
STRENGTH OF PLATED METALS 

Guy 0 Spiers 1881 8 p 'els Presented at the 16th Photovoltaic 
S pe c ialists Conf. Kissimmee Fla 12-16 May 1981 
(NASA-TM-81763 E 8261 Avail NTIS HC A02/MF A0I CSCL 
10A 

Plated silicon wafers with surface roughnees ranging from 
04 to 130 imcromches were subjected to tensile puN strength 
testa Electroless Ni/electroles* Cu/electroplated Cu and 
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etjctroleee Ni/ electroplated Cu were the two types of Dial* 
contacts tested It was found that smoother surfaces had higher 
puM strength than rougher, chemically etched surfaces The 
presence of the afectrofes a Cu layer was found to be important 
to adh esi o n The mode o' fracture o' the contact as it left the 
sdteon waa studied and it was found that in almost all cases 
seperation was due to fracture of the bulk uilicon phaae The 
correlation between surface roughneea and mode of contact failure 
• preeented and interpret ad Author 


NIMXIII'I National Aeronautics snd Space Administration 

Lewis Research Canter □ aval and Ohio 

A NONLINEAR PROPULSION SYSTEM SIMULATION 

TENNIQUE FOR PILOTED SIMULATORS 

Jamas R Mihaloew 1981 14 p refs Presented at the 12th 

Ann Pittsburgh Coni on Modelling and Simulation 30 Apr ■ 

1 May 1981 sponsored by IEEE ISA SCS SMCS 

INASA TM 82600 E 847) Avail NTIS HC A02/MF A01 CSCL 

21E 

In the past, propulsion system simulations used in flight 
simulators have been extremely simple This resulted in a loss 
ol simulation realism sines significant angina snd aircraft 
interactions were neglected and important internal angina 
parameters ware not computed Mora detailed propulsion system 
simulators are needed to permit evaluations of modern aircraft 
propulsion systems in a simulated flight environment A real 
lima digital simulation technique has been developed which 
provides the capabilities needed to evaluate propulsion system 
performance and aircraft system interaction on manned flight 
simulators A parameter correlation technique is used with real 
and pseudo dynamics in a stable integration convergence loop 
The technique has been applied to a multivariable propulaio' 
system for use m a piloted NASA flight simulator program Cyc a 
time is 2 0 ms on a Univsc 1110 computer snd S 7 ms on t w 
simulator computei a Xerox Sigma 8 The model is stable r nd 
accurate with time steps up to 50 ms The program evalufied 
the simulation technique and the propulsion system digital con irol 
The simulation technique and modal used in that program aru 
described and results from the simulation era presented Author 


NS 1-23 188*# National Aeronautics snd Space Administration 
Law* Research Canter Cleveland Ohio 
TRACTION 0*'VE FOR CRYOGENIC ROOST PUMP 
Scott Mayor and R E Connelly Mar 1991 23 p refs 
(NASA TM 81704 E 730) Avail NTIS HC A02/MF A01 CSCL 
21H 

Two versions of a Nasvytis multiroller traction drive were 
tested in liquid oxygen for possible application as cryogenic boost 
pump speed reduction drives for sdvanced hydrogen oxygen rocket 
engines The roller drive with a 10 8 1 reduction ratio was 
successfully run at up to 70 000 rpm input speed and up to 
14 9 kW (20 hpl input power level Three drive assemblies were 
lasted lor a total of about three hours of which approximately 
one hour was at nominal full speed and lull power conditions 
Peak efficiency of 60 percent was determined There was no 
evidence of slippage between rollers for any of the conditions 
tested The ball drive a version using balls instead of one row 
of rollers and having a 3 26 1 reduction ratio (ailed to perform 
setiefectoniy M G 


NS1 23209*# National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 

INEXPENSIVE CROSS LINKED POLYMERIC SEPARATORS 
MADE FROM WATER SOLUBLE POLYMERS 

Li Chen Hsu and Dean W Sheibtey 1979 16 p refs Presented 
at Ann Meeting ol the llectrochem Soc Inc Los Angeles 
14 19 Oct 1979 

(NASA TM 82619 t 7671 Avail NTIS HC A02 Mf AOI CSCL 
07D 

Polyvinyl alcohol iPVAl crosslmked chemically with aldehyde 
reagents pioducee membranes which demonstrate o- dr: on 
resistance dimensional stability low ionic resistivity low imcete 
diffusivity and low tme dendrite penetration rate which make 
them suitable lo> use as alkaline battery separators They a>e 


intrinsically low in cost and environmental health and safety 
problems associated with commercial production apnear minimal 
Preparation property measurements and cell test results in Ni/Zn 
and Ag/Zn cells are described and discussed Author 


N81 -23243*# National Aeronautics snd Spaca Administration 
Lewis Research Center Cleveland Ohio 
COMBUSTION SYSTEM PROCESSES LEADING TO COR- 
ROSIVE DEPOSITS 

Carl A Stearns Fred J Kohl and Daniel E Rosner (Yale Umv ) 
1981 26 p refs Presented at the NACE Intern Coni on 

High Temp Corrosion Sen Diego. Calif 2-6 Mar 1991 
IContract EF 77-A 01 25931 

(NASA TN 81762 DOE/ NASA/2693 27. E 744) AvaM NTIS 
HC A02/MF AOI CSCL 1 1F 

Degr. Jetton of turbine engine hot gas path components by 
high tempersture corrosion can usually be associated with deposits 
even though other factors may also play a significant role The 
origins of tne corrosive deposits are traceable to chemical reactions 
which taka place during the combustion process In the casa of 
hot corrosion/ sulfidation sodium sulfate was established as the 
deposited corrosive agent even whan none of this salt enters 
the angina directly The sodium sulfate is formed during the 
combustion and deposition processes from compounds of sulfur 
contained m the fuel as low level impurities and sodium 
compounds such as sodium chloride ingested with mtaka an 
In other turbine and power generation situations corrosive 
and/or fouling deposits can result from such metals as (. tassium 
iron, calcium vanadium magnesium, and silicon Author 


NS 1 2 32 44*# National Aeronautics and Space Administration 
Lewis Research Canter Os vela nd Ohio 

THE FRACTURE MORPHOLOGY OF NICKEL BASE SUPER- 
ALLOYS TESTEO IN FATIGUE AND CREEP-FATIGUE AT 
960 C 

John Gayda and Robert V Miner Apr 1981 26 p refs 

INASA TM 81740 E 7931 Avail NTIS HC A03/MF AOI CSCL 
1 1F 

The fracture surfaces ol compact tension specimens Irom 
seven nickel base superaHoyt fatigue tested at 650 C were studied 
by scanning electron microscopy and optical metallography to 
determine the nature and morphology ol the crack surface m 
the legion of stable growth Crack propagation tasting was 
performed as part of an earlier study at 650 C in air using a 
0 33 Hi fatigue cycle and a creep fatigue cycle incorporating a 
900 second dwell at maximum load In fatigue alloys with a 
gram sua greater than 20 micrometers HIP Astrology Waepaioy 
and MERl 76 exhibited tisnsgranular fracture MERL 7 r < also 
displayed numerous fracture sites which wera associated with 
boundaries of prior powder partidoe The two high strength 
(me gram alloys IN 100 and NASA IIB-7. exhibited intergranular 
fracture Rene 95 and HIP plus forged Astrology displayed a 
mixed failure mode that was transgranular m the coarse grains 
and intergranular in the fine grains Under creep langus conditions 
liacture was found to be predominantly intergranular in ail seven 
alloys L F M 


NS 1 23246*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

SYNERGISTIC EROSION/ CORROSION OF SUPERALLOYS 
IN PFB COAL COMBUSTOR EFFLUENT 

S M Sanford G R ZeNara snd C E Lowell 1981 27 p 
refs Presented at B2d Ann Meeting ol the Am Caran Soc 

Chicago 29 30 Api 1881 

INASA TM 81715 E 7481 Avail NTIS HC A03/MF AOI CSCL 
1 1F 

Two Ni bated supeialloys were exposed lo the high velocity 
effluent of a pressurized fluidued bed coal combustor Targets 
ware 16 cm diameter rotors operating at 40 000 rpm and small 
flat plats specimens Above an erosion rate threshold the targets 
were eroded to bare metal The presence of accelerated oxidation 
at lower erosion rates suggests erosion/ corrosion synergism 
Various mechanisms which may contribute to the observed oxide 
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growth enhancement include aroaiva removal ol protactrva oxide 
layers. oxide and tubaurfaca cracking. «rw* c tmicel interaction 
with sulfur in I ha gat enu dapoartt throu damagad turfaca 
layara Author 


Ml 2327B*# National Aeronautic and Spaca Idmimstration 
Lewis Research Center Cleveland Oh..' 

TRIBOLOGICAL PROPERTIES AND HERMAL STABILITY 
OF VARIOUS TYPES OF POLYIMIDE .-TLMS 
Robert L Fuiaro 1981 23 p refs Propped for Presentation 
at Joint Lubrication Coni New Orleans 4-7 Oct 1 981 . sponsored 
by Am Soc ol Lubrication Engr 

(NASA TM 81766 E-710) Avail NTIS HC A02-MF A01 CSCL 
07C 

Thermal exposure experiments at 316 and 3b0 C wars 
conducted on seven different types ol polyirr da films to determine 
which was the must .hermally stable and adnerer'. The potymndas 
wars ranked according to the rata s? whtc>: they lost weight 
and how wall (hay sdh» t to the metallic substrata Fncftn 
and wear experiments wars conducted at 26 C iroom temperar r'e) 
on films bonded to 440C HI stainless steal Friction, film w4sr 
rates, wear mechanisms, and transfer films o f the seven films 
ware investigated and co r iper«d i-.t polyimidas ware found to 
fall into two groups as far as friction and wear properties ware 
concerned Group one had low* - . notion but an order of megnitude 
higher film wear rata then uid grou- v « Ttia wear mechanism 
was predominately adtiasive bu' * sue of the wear oarticles 
ware larger for group O''- po’nmiues Author 


MI-2341 7*# National Aarone-ncs and Space Administration 
Law is Itesearch Canter Cleveland Ohio 
PROLONGING THERMAL BARRIER COATED SPECIMEN 
LIFE BY THERMAL CYCLE MANAGEMENT 
Robert C Hendricks G McDonald, and Nicholas P Poolos 
(Harvard Umv I 1981 12 p refs Presented at the Intern 

Conf on Mat Coatings. San Francisco. 6-10 Apr 1981 sponsored 
by the Am Vacuum Soc 

(NASA TM -8 1742. E-795) Avail NTIS HC A02/MF A01 CSCL 
200 

Measurements wara made of tha rata of increase m 
temperature of a Zr02 8Y203 thermal barrier coated (TBCI 
specimen for various values of fuel/ an (F/A) ratios whan the 
specimen is exposed to a 0 3 Mach burner flams For rod 
specimens mi a carousal, tha heating rates increased with (F/A) 
ratio and wara higher at the mwc.J facing surface for a given 
(F/A) Plata specimens wars mere sensitive to burner variations 
Calculated results era given for tha radial stress in tha coated 
rod specimens for variations in (F/A) ratios from 0 04 to 0 065 
Over this range, tha radial stress varies from 4 3 to 5 3 MPa 
The results indicate that controlling tha heating rata of a TBC 
by controllmg tha (F/A) ratio offers a potential method to 
prolong TBC cyclic life, uncontrolled (F/A) ratios wall produce 
scatter in exp'nmsntal results Geometric arrangement can hava 
an equivalent affect, but is usually fixed by design R C T 


N81-2S41S*# National Aeronautics and Spaca Administration 
Lewie Research Center. Cleveland Ohio 
ASSESSMENT OF VARIATIONS IN THERMAL CYCLE LIFE 
DATA OF THERMAL BARRIER COATED RODS 

Robert C Hendricks and G McDonald 1981 13 p refs Presented 

at tha Intern Conf on Mat Costings. San Francisco. 6 10 Apr 

1981 sponsored by tha Am Vacuum Soc 

(NASA TM-S1743 E 786) Avail NTIS HC A02/MF A01 CSCL 

200 

An analysis cf thermal cycle life data for 22 thermal barrier 
coated (TBC) specimens was conducted Tha Zr02-8Y203/NiCrAIY 
plasma spray coated Rena 41 rods wara tasted in a Mach 0 3 Jat 
A/ air burner flame AN specimens wars subfected to the same 
coating and subsequent test procedures m an effort to control 
three parametric groups matanal properties geometry and heat 
flux Statistically tha data sample spaca had a mean of 1330 
cycles with a standard deviation of 620 cycles The data ware 
described by normal or log normal distributions but other models 
could also apply tha sample sue must be increased to clearly 


delineate a statistical failure modal Tha statistical methods were 
also applied to adhesive/ cohesrva strength data for 20 TBC discs 
of the same composition, with similar results Tha sample spaca 
had a mean of 8 MPa with a standard deviation of 4 2 MPa 

RCT 


N81 -2343B*| National Aeronautics and Spaca Administration 
Lewis Research Center Cleveland Ohio 

AN INTEGRATED EXHAUST GAS ANALYSIS SYSTEM WITH 
SELF CONTAINED DATA PROCESSING ANO AUTOMATIC 
CALIBRATION 

R C Anderson and R L Summ rs 1981 16 p refs Presented 
at the Aerospace/ Test Maas tvmp. Indianapolis. 27-30 Apr 
1981. sponsored by Instrument Soc of Am 
(NASA TM-81692 E-786) Avail NTIS HC A02/MF A01 CSCL 

148 

An integrated gas analysis system designed to operate in 
automatic, semiautomatic and manual modes from a remote 
control panel is described Tha system measures tha carbon 
monoxide, oxygen, water vapor total hydrocarbons carbon dioxide 
and oxides of nitrogen A pull through design provides mi- 
creased reliability and eliminates tha need for manual flow rata 
adiustment and pressure correction The system contains two 
microprocessors to range tha anafyiars. calibrate the system, 
process the raw data to units of concentration, and provides 
information to tha facility research computer and to tha 
operator through terminal and tha control panels After initial 
setup, tha system operates for several hours without significant 
operator attention EA.K 


NS1 -23442*f National Aeronautics and Space Adm..ustratwn 

Lewis Research Center. Cleveland Ohio 

NASA FIVE-BALL FATIGUE TESTER: OVER 20 YEARS OF 

RESEARCH 

Erwin V Zaratsky. Richard J Parker, and William J Anderson 
1981 67 p refs Presented at tha Intern Symp on Contact 

Rolling Fatigue Tasting of Bearing Steal. Phoenix. Aril. 12- 
14 May 1981. sponsored by the Am Soc for Testing and 
Mater 

(NASA TM -82689. E-7201 Avail NTIS HC A04/MF A01 CSCL 
14B 

Studies wars conducted to determine tha affect on roN Hig- 
gle ment fatigue life of contact angle, matanal hardness, chemistry 
heat treatment and processing, lubricant type and chemistry, 
elastohydrodynamic film thickness deformation and wear, vacuum, 
and temperature as wall as Herman and residual stresses 
Correction was established between the results obtained using 
tha five-ball taster and those obtained with full scale rolling 
element bearings E D K. 


N81 -234SS*| National Aeronautics end Space Administration 
Lewis Research Center. Cleveland Ohio 

MEGA1S - COMPUTER PROGRAM FOR ANALYSIS ANO 
EXTRAPOLATION OF STRESS-RUPTURE DATA 

C Robert Ensign May 1981 46 p refs 

(NASA TP- 1809 E 496) Avail NTIS HC A03/MF A01 CSCL 

7 OK 

The computented form of the minimum commitment method 
of interpolating and extrapolating stress versus time to failure 
date. MEGA16 is described Examples ere given of its many 
plots and tabular outputs for s typical set of data The program 
assumes a specific model equation and then provides a family 
of predicted isothermals for any set of data with at least 
12 stress -rupture results from three different temperatures spread 
over reasonable stress end time ranges It is written in FORTRAN 
4 using IBM plotting subroutines end its runs on an IBM 
370 ume sharing system M u 
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Nil '234*0*| National Aaronautica and Spaca Administration 

Lawn Research Cantar. Qavaland Ohio 

LUBRICATION FUNDAMENTALS 

Barnard J Hamrock Apr 1981 ip raft 

(NASA TM 81762 E-825) Avail NTIS HC A02/MF A01 CSCL 

ltd 

A lubricant it any tubttanca that it uaad to reduce triction 
and wear ano to provida amooth running and a aatiafactory hta 
lor machina componanta Lubrication fundamantala ara diacuaaad 
and tha vanoua lubrication machaniama ara dafinad Thaaa include 
hydrodynamic etaatohydrodynamic mixed, boundary and axtiama 
praaaura Bafora tha varioua lubncatioii machaniama ara preaented. 
it la deairabia to dalma confo:mal and nonconformal s'-rfaces 

JMS 


N81 -23608*1 National Aaronautica and Spaca Admimatration 
Lawia Raaaarch Cantar. Qavaland. Ohio 
RESPONSE OF NICKEL TO ZINC CELLS TO ELECTRIC 
VEHICLE CHOPPER DISCHARGE WAVEFORMS 

Robert L Cataido 1981 10 p rale Presented at tha Elec 

Vehicle Council Symp 6. Baltimore. 21-23 May 19S1. aponaored 
by tha Elec Vehicle Council 
(Contract 0E-AI01-77CS-S 10441 

(NASA TM-81713. DOE/ NASA/ 51 044- 16. E-746) Avail 
NTIS HC A02/MF A01 CSCL IOC 

Tha preliminary raaulta of aimulatad electric vehicle chopper 
controlled diacharge of a Nickel/ Zinc battery ahowa delivered 
energy incraaaaa of 5 to 25 percent compared to conatant current 
diachargea of the aame average current The percentage mcreaae 
waa a function of chopper frequency, the ratio of peak to 
average current and tha magnitude of the diacharge current 
Becauae the chopper effecta are of a complex nature, electric 
vehicle bettery/apeed controller interaction muet be carefully 


N81 - 23808*1 National Aaronautica and Spaca Admm-;<'«non 
Lawia Research Center Qavaland Ohio 
EXPERIMENTAL EVALUATION OF CATALYTIC COMBUS- 
TION WITH HEAT REMOVAL AT NEAR STOICHIOMETRIC 
CONDITIONS 

Daniel L Bulian 1980 16 p isfs Presented at fie 4th 

Workshop on Catalytic Combust Cincinnati 14-15 May 1980 
(Contract DE-AI01-77CS 51040) 

(NASA TM-8174B DOE/ NASA/5 104^ 23 E 814) Avail 
NTIS HC A02/MF A01 CSCL 10A 

Two concentric tube configurations were tested Testa were 
conducted at an inlet presaure of 150.000 Pa. inlet fuel air 
mixture temperatures from 7 SO to 960 K. combustion air flow 
rates from 0 78 to 15 g/a. equivalence ratios up to 0 90 and 
a range of cooling air flow rates Propane end propylene fuels 
were used Both configurations used air flowing through the 
center tube for cooling and combustion m the annulus on the 
catalytic surface One configuration had the catalyst applied to 
the outside surface of the inner tube Conversion of the fuel 
waa very low for this configuration The other configuration had 
the catalyst applied to the inside surface of the outer tube 
Conversion of the fuel was considerably better in this configura- 
tion T M 


Nil -23810*1 National Aaronautica and Space Administration 
Lewis Research Center Cleveland. Ohio 

PRELIMINARY INVESTIGATION OF ACOUSTIC OSCILLA- 
TIONS IN AN H2-02 FIRED HALL GENERATOR 
Bart Phillips 1981 13 p refs Presented at the 19th Symp 

on the Eng Aspects of Magnetohydrodyn Tullahoma Tenn 
15 17 Jun 19S1 
(Contract 0E AI01-77ET 107691 

(NASA TM 81756 OOE/NA SA/ 1 0769- 1 5 E-SIS) Avail 
NTIS HC A02/MF A01 CSCL 10A 

Burner pressure oacilletiona and interelectrode voltage 
oscillations measursd m an open-cycle supersonic flow Had 
generator ara preaented The ionized gas for the channel wes 
supplied by seeding the approximately 1 Ib/aec of hydrogen 
oxygen combustion products with cesium Since both the 
burner end the channel were located within magnetic fields 
exceeding 4 Tesla during operation an infinite probe presaure 
measurement technique wat used to measure burner pressure 


oscillations Calibration of the burner praaaura tranaducar using 
a resonance tube technique is presented Evidence is preiented 
for the existence of the first longitudinal mode of oeci' let ions 
15000 Hi) within the burner Interelect r ode voltage osciflatwns 
were simultaneously measured at two separate axial atatmns 
The magnitude change and the pheee shift between the two 
signals was interpreted as a decaying magnet oecouetic wave 
driven by the burner that propagates at local ges plus sonic 
velocities The amplitude of the electrical voltage oscillations at 
the start of the power producing region of the channel varied 
with the magnetic field Thw variation * compared with the 
results of a simple perturbation analysis Arguments are presented 
for using an unsteady model for analysing wave procesees in 
channels Author 


NS1 -2381 1*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

ASSESSMENT OF DIM MHO GENERATORS FOR A BASE 
LOAD POWERPLANT 

Donald L Chubb. F 0 Retallick (Wesr-nghouse Electric Corp . 
Pittsburgh). C L Lu IWsstinghouae electric Corp . Pittsburgh). 
M Stalls (lAfsstmghouse Electric Crtp . Pittsburgh). J 0 Tears 
(MIT) W J Loubeky (MIT). J F Louis (MIT), and B • ua 
(MIT) 1981 17 p refs Presetted at the 19th Symp jn 

Engr Aspects of Magnetohydrodyn . Tullahoma. Tenn . 18-17 Jun 
1981 

(Contract 0E-AI01-77ET- 107691 

I N A SA - TM 82809 DOE/ NASA/ 10789- 1 7. E-848) Avail 
NTIS HC A02/MF A01 CSCL 10A 

Results from a study of the disk MHD generator ara presented 
Both open and closed cycle disk systems wsre investigated 
Coating of tha open cycle disk components (noule. channel, 
diffuser, radiant boiler, magnet and power management) was 


NS1 -23826*1 National Aeronautics and Spaca Administration 
Lewis f.asearch Center. Cleveland Ohio 
THE EFFECT OF MINORITY CARRIER MOBILITY VARIA- 
TIONS ON SOLAR CELL SPECTRAL RESPONSE 

V G Waiter M P Godlewski and R J Trtvisonno 1SS1 
12 p refs Presented at the IB.h Photovoltaic Spec Conf. 
Kissimmee. Fla. 12-15 May 1981 sponsored by the IEEE 
(NASA TM 82604 E 862) Avail NTIS HC A02/MF A01 CSCL 
10A 

Analysis of multistep diffused high voltage 0 1 ohm-cm solar 
cells suggests that the increased voltage capability of these cells 
is correlated with localized variations in the base minority 
carnei mobility An attempt to calculate the behavior of those 
cells revealed unexpected results It is shown contrary to what 
was expected that spatial variations in the mobility effects severe 
changes in the short-circuit current and the spectral response 
Variations in cell output as a result of imposing abrupt, linear, 
and exponential mobility variations era presented Author 


N61 -23826*1 National Aeronautics and Spaca Administration 
Lewis Research Cantar. Cleveland Ohio 

PERFORMANCE OF HIGH RESISTIVITY n + pp-t SILICON 
SOLAR CELLS UNDER 1 MeV ELECTRON IRRADIATION 
I Weinberg C Goradia C K Swartz, and A M Hermann 1981 
12 p refs Preaented at the 15th Photovoltaic Specialists Conf, 
Kissimmee. FIs 12-16 May 1981. sponsored by the IEEE 
(NASA TM-82610. E 8661 Avail NTIS HC A02/MF A01 CSCL 
10A 

High resistivtty (1250 end 84 ohm cm) n< * >pp< * ) silicon 
solar cells were irradiated and their performance evaluated as a 
function of fiuence The greatest degradation m power occurred 
•or the higher resistivity cell The data were analyzed under open 
circuit conditions, end the components of V sub oc 'determined 
as a function of fluence It was found that the voltage contributions 
from the front and back functions decreased while the base 
component IV sub 81 increased with fluence The anomalous 
behavior of V sub 8 was attributed to an increase m the base 
minority carrier gradient with fluence An argument that the 
increased power degradation m tha 1250 ohm-cm cells was 
ettnbutabie to an increased voltage drop in the base is presented 
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Diffusion lengths calculated undo high injection conditiona ware 
significantfv great*' than those deter mned under lOMr injection 
This wet attributed to a saturation of recombination camera 
under nigh injection conditiona Author 


N91-28827*f National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

REDUCED ANNEALING TEMPERATURES IN SILICON 
SOLAR CELLS 

I Weinberg and C K Swarti 1981 10 p refs Presented at 

the ISth Photovoltaic Spec Coni Kissimmee. Fla 12 16 May 
1981. sponsored by the IEEE 

(NASA TM -82597. E 8421 Avail NTIS HC A02/MF A01 CSCL 
10A 

Cells irradiated to a fluence of 6*10 000 000 000 000/ square 
cm showed short circuit current on annealing at 200 C. with 
complete annealing occurring at 275 C Cells irradiated to 
1 00.000 000 000 000/ square cm showed a reduction in 
annealing temperature from the usual 500 to 300 C Annealing 
kinetic studies yield an activation energy of II 5 + or - 21 *V 
for the low fluence low temperature anneal Comparison with 
activation energies previously obtained indicate that the presently 
obtained activation energy is consistent with the presence of 
either the dtvacancy or the carbon interstitial carbon subetitu 
tional pair, a result which agrees with the conclusion baaed on 
defect behavior in bo rorv doped silicon S F 


SMI 24819* National Aeronautics and Space Admmwtrstion 

Lams Research Center. C l eveland Ohio 

NSAT EXCHANGER ANO METHOD OP MAKING Petant 

Anthony Fortm and John M Kataroff inventors (to NASA) Issued 
20 Jan ICri 5 p Fried 23 Apr 1979 Superseded N7S-233S3 
(17 - 14. p I860) Division of US Patent Appl SN 856462 
US Patent-4.19S.S37. fried 30 Nov 1977 
(NASA-Caae-LEW 12441 3 US-Patant-4.246.48S. 

US Patent-Appl SN 032337. US Patent Class 60-204 
US Patent Class 60 297 US-Patent Class-239 127 1. 
US-Patent-4.1B9.S37. US-Patent Appl SN-856462) Avail US 
Patent and Trademark Office CSCL 10S 

A heet eschenger of increased effectiveness is dwcloeed A 
porous metal metri* is di s pose d m a metal chamber or between 
wads through which a heat transfer fluid a directed The porous 
metal main* has internal bonds and a bonded to the chamber 
m order to remove eM thermal contact reeietance within the 
composite structure Utilisation of the invention m a rockat 
chamoer a disclosed as a specific use Also diecloeed a a method 
of constructing the heat eschanger 

Official G arena of the U S Patent and Trademark Office 


N61 -24621* National Aeronautics and Space Admeuetration 

Lewis Research Center, de v aland Ohio 

TOROIDAL CELL ANO BATTERY Patent 

William j Nagle, mvontor (to NASA) leeued 14 Apr 1SS1 

7 p Filed 2S Mar SS0 Supersede* NSO 33S67 IIS - 24. 

p 32991 

(NASA Caa* LEW 12918-1. US Patant-4.262 064 
US Patent Appl SN 134855 US Patent Class 428-94 
US-Patent-Oasa 429 120 US Patent Claes-429 160 
US-Patent-Clata-429'164) Avail US Patent and Trademark 
Office CSCL IOC 

A toroidal storage battery designed to hendte relatively high 
amp-hour loads is des c ribed The cell • 'udea a wound cor* 
disposed within a pei> of toroidal channel shaped electrodes 
spaced apart by nylon insulator The shape of the case electrodes 
ol this toroidal ced allows a first planar doughnut shaped surface 
and the inner cylindrical case wen to be used aa a first ele c trode 
and a second planar dnuahr.-; Jwped surface and the outer 
cyhndncal case wan in be used aa a second electrode Connector* 
may be used to reck two or more toroidal cells together by 
connecting lub-tantia-nr the entire surface area of the first 
electrode of a '-r*-l ceri to substantially the entire surface area 
of the second electrode of a second cofl The central cavity of 
each toroidal roll may be ueed a* a condu.1 for pumping a fluid 
through the tcnsdal cell to thereby cool the cefl 

Official G arena of the U S Patent and Trademark Office 


N6 1-2463)* | National Aeronautic* and Spec* Administration 
Lewis Research Canter. Cleveland Ohio 
EFFECTS OF FUEL INJECTOR OE8ION ON ULTRA-llAN 
COMBUSTION PERFORMANCE 

David N Anderson 1981 14 p refs Proposed for preeentation 
at the 16th Intaraoc Energy Conversion Eng Conf . Atlanta. 
8-14 Aug 1981 

(Contract DE-A 101 -77CS-B 10401 

( NASA- TM -82624 DOE/NASA/61040-26. E 8771 Avail 
NTIS HC A02/MF A01 CSCL 10A 

Emissions data were obtained for sia fuel injector configura- 
tion* tasted with ultra lean combustion Fuel injectors included 
three multiple source designs and three configurations u*mg a 
single air eaeist injector Only the multiple source fuel injector* 
provided acceptable emissions Values of 16g CO/ kg fuel. 1 9g 
HC/kg fuel, and 18 g N02/kg fuel were cbta.ned for the 
combustion temperature range of 1450 to 1700 K for both a 
high blockage 18 source injector and a low blockage 41 source 
•njact or It was shown that high fuel injector pressure drop may 
not be required to achieve low emission* performance at high 
inlet air temperature when the fuel is well dispersed in the 
airstream E A K 


NS 1- 24634*f National Aeronautic* and Space Administration 
Lewis Research Center Cleveland Ohio 
NASA PREPROTOTYPE REDOX STORAOE SYSTEM FOR 
A PHOTOVOLTAIC STAND-ALONE APPLICATION 
Norman H Hagedom 1981 13 p To be presented at the 

Intaraoc iety Energy Conversion Eng Conf Atlanta. 8-14 Aug 
1981. sponsored by ASME 

(NASA TM-82807 DOE/NASA/ 12726-8. E-864) Avail NTIS 
HC A02/MF A01 CSCL IOC 

A 1 kW preprototype redos storage syatem underwent 
characterisation tests and was operated a* the storage devico 
for a 6 kW (peak) photovoltaic array The system is described 
and performance data are presented Loaa mechanisms are 
discussed and simple design changes leading to significant 
increase* m efficiency are auggested The effects on system 
performance of nonequriibnum between the predominant specie* 
of completed chromic ion in the negative electrode reactant 
solution are indicated Author 


NS1 -246X8*1 National Aeronautic* and Space Admmietiation 
Lewis Research Center Cleveland. Ohio 

TEST EVALUATION OF A LAMINATED WOOD WIND 
TURBINE BLADE CONCEPT Fbwl Report 
Jama* R Fsddooul May 1861 48 p r*f* 

(Contract OE AI01-7FET 20320) 

(NASA TM 81719. DOE/ NASA/20320-30 E-753) Avail 
NTIS HC A03/MF A01 CSCL 108 

A series of tests conducted on a root end section of a 
laminated wood wind turbine blade are reported The blade to 
hub transition of the wood blade uses steel stud* cast into the 
wood D spar with a filled apoay Both individual stud* and a 
full scale short length, root section were tested Results indicate 
that the bonded stud concept is more than adequate for both 
the 30 year life fatigue load* and for the high wind or hurncai-a 
gust load* E A K 


NS 1 24636*1 National Aeronautic* and Space Admmatration 
Lewis Research Canter. Cleveland Ohio 

LABORATORY EVALUATION OF A PILOT CELL BATTERY 
PROTECTION BVBTEM FOR PHOTOVOLTAIC APPLICA- 
TIONS 

Robert L Cataido and Ralph D Thomas 1981 14 p refs 

Proposed for preeentation at the 16th Intaraoc Energy Conversion 
Eng Conf Atlanta 9 14 Aug 1981 
I Contract DE-AI01-79ET 20466) 

INASA TM-81714. DOE/NASA/20485 7 E 7471 Avari NTIS 
HC A02/MF A01 CSCL IOC 

An energy storage method for the 3 6 kW battery power 
system we* investigated The Pilot Cell Battery Protection System 
waa tested for use m photovoltaic power systems and result* 
show that this ■* a viable method of storage battery control 
The method of limiting battery depth of discharge ha* the following 
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eehrantagaa (1) temperature atnutivtty 12) rata aanaitnrity and 
(3) data of charge indication Tha pilot can concopt it of mtaratt 
in ramota aland a Iona photovoltaic powar tyttamt ih* battary 
can ba protaciad from dan, aging ovardmcharga by utmg tha 
propar ratio of pilot caN capacitiat to mam battary capacity 

i A K 


MSI MAN*# National Aaronautica and Spaca Admimatration 
Law* Retaarch Cantar Cleveland Ohio 
LIOMTNING ACCOMMODATION SYSTEMS FOR WIND 
TURBINE 3INIRAT0R SAFETY 

M Bankart it INI It p raft Fropoaad lor pratantanon at 
tha 6th Intarn Syttam Salary Cool Denver 26 31 Jul INI 
(Contract DE AI01 76ET 203201 

(NASA TM-' 7601. DOE/ NASA/20320 31 I >41) Avail 
NTIS HC A02/MF A01 CSCL 10t 

Tha and turbma tafaty program idantihat tha naturaHy 
occurring lightning phenomenon at a haiard with thn potential 
to cauta loat of program obiectnree. mpira peraonnet damage 
aydam matrumantation ttructura or tupport equipment and 
facilrtiaa Several candidate method* of lightning accommodation 
for each Made were deeigned entlyted and tadad by tubmittmg 
tampla Mud* taction* to ttmulated lightning Lightning accom 
modution tyttamt for compotita .’led** ware individually 
developed Their effective net* wat evaluated by tubmittmg the 
tyttamt to timulatad lightning etnkee Tha tad dda ware analyied 
and tyttem deugnt ware revtawtd on tha beta of tha analytit 


Ml 2M7 a f National Aaronautict and Spaca Adminntration 

Lewiv Retaarch Cantar Oavaland Ohio 

OVERVIEW DOE/NASA AUTOMOTIVE OAS TURBINE 

ano Stirling projects 

Donald G Seremand 1901 17 p Pretented at the Heal 

Pump Contractor* Program Integration Mealing McLean Va 
2-4 Jun 1B81 

(Contract DE AI01-77CS 610401 

(NASA TV 92637 DOE/ NA SA / 5 1 040 28 E 890) Avail 
NTIS HC A02/MF A01 CSCL 10B 

An overview on tha progrrtt of tha automotive gat turbma 
and automotrve Stirling angina technology protect* it pratantad 
Tha following item* are reported (1) formulation and execution 
of protect! m accordance with tha Auto Piopultion Retaarch 
and Devalopment Act of 1978. (21 aubtlantnrt technology 
accomplithmantt and 13) future path option* of the progiamt 

EAK 


NS1 28466*1 National Aaronautict and Spaca Admimttration 
Lawn Raaaarch Cantar. Cleveland Ohio 

CONCEPTUAL DESIGN STUDY OF A COAL GASIFICATION 
COMBI NEO-CYCLE POWERPLANT FOR INDUSTRIAL 
COGENERATION 

Harvey S Bloomfield S G Neiton (McKee IDavyl Corp I. H F 
St 'tight (McKee (Davy) Corp I T K Subramaniem (McKee (Davy) 
Corp) and R G WmUepleck (McKee (Davy) Corp I Mar <981 

49 p 

(Contract NAS3 22105 AEI 

(NASA TM 81687 E 723) Avail NTIS HC A03/ME A01 CSCL 
108 

A conceptual detign ttudy wat conducted to attatt technical 
feaaibility environment*' characttnttict and economic* of coal 
gatificatH.-' The faatiMitv of a coal gatifmatmn combined cycle 
coevnaratmn powarplant wat eiaminad m ratponta to energy 
u aadt and to national policy aimed at dec i eating dapandanc* 
on oil and natural gat The powarplant provide* the ttaam haatirg 
and bataload electrical raquiramantt while tarvmg at a prototype 
for mduatnel cogeneration and a modular building block for utility 
application* The following topic* art diacutted 111 tcraenmg 
of candidate gatification tulfur removal and powar convartion 
component* (2) definition of a reference tyttem (3) quantification 
of plant emiaaion* and watt* it ream* (4) attimatat of capita: 
and operating coatt and 1 6 ) a procurement and conatruction 
tchedule It it concluded that tha piopotad powarplant it 
technically featibl* and envi-onmentatfy t upenor EAK 


NS1 27647# National Aaronautict and Space Admmitiianori 
Lawn Rataarch Cantar Cleveland Ohio 
ADDITIVE FOR ZINC ELECTRODES Patent Application 
0 G Solti* 0 W Sheibley and W J Nagle inventor* Ito 
NASA) Filed 10 Jun 1981 7 p 

(NASA Cat* LEW 13286 1 US Patent Appi SN 2724061 Avail 
NTIS HC A02/MF A01 CSCL 10C 

An improved rmc electrode for alkaline call* include* up to 
about tan percent by weight of 6a(OH|2 8H20 with about five 
percent being preferred Tha rmc electrode may or may not be 
amalgamated with mercury NASA 


N81 -27668* f National Aaronautict and Space Admmittianon 
Lew it Rataarch Cantar Cleveland Ohm 

HEAT TRANSPARENT HIGH INTENSITY HIOH EFFICIENCY 
SOLAR CELL Retard Application 

J C Event Jr inventor Ito NASAI Filed 16 May 1981 13 p 

(NASA Cate LEW 12892 1 US Patent Appi SN 2643801 Avail 
NTIS HC A02/MF A01 CSCL 10A 

A heat tranaparent high mtenttty tolar call with improved 
efficiency it date n bed The turfaca of each tolai cell hat a 
plurality of groove* Each groove hat a vortical face and a tlanlad 
face that it covered by t reflecting matt) Light rayt are reflecied 
horn tha tlanted face thiough the vertical face whert they tiaverte 
a photovoltaic function At the light iayt travel to the tlanted 
face of an aeJfecem groove they again travera* the function 
Tha undertide of the reflecting coating diiectl the light rayt 
toward tha oppotite turfaca of tolar call tt they iraverte tha 
function again Whan the light rayt travel through tha tolar cell 
and reach tha taw toothed groove* on th* under tide the procatt 
of reflection and repeatedly travelling th* function again take* 
place Th* light rayt ultimately amaig* from the tolar call Theta 
tolar call* era particularly utaful at vary high level* of mtolation 
became th* infrared or heat ladiatron pattet through th* cell* 
without being appreciably abtorbed to heat the cell NASA 


NS1 27804*# National Aeronautic* and Space Admimttration 
Lawit Rataarch Center Cleveland Ohio 

COMPATIBILITY OF ALTERNATIVE FUELS WITH AD- 
VANCED AUTOMOTIVE 0A8 TURBINE AND STIRLING 
ENGIUES A UTERATURE SURVEY rmal Report 
Jam** Cairelli and David Horvath May 1981 44 p r*ft 

• Contract DE AI01 77CS 510401 

INASA TM 81754 D 0E/ NASA/51040 24 E 7921 Avail 
NTIS HC A03/MF A01 CSCL 10B 

The application of alternative fuel* in advanced automotive 
gat turbine and Stirling engine* it diteutted on the ban* of a 
literatui* turvey Theta alternative engine* are briefly deter iberl 
and the atpeett that will influence fuel tel action aie identified 
Fuel propertiet and combutnon piopertiet are ditcuttud with 
conaideration given to advanced material* and component* 
Alternative fuel* fiom petroleum coal oil that* alcohol and 
hydrogen aie diteutted and tom* background it given about 
th* origin and production of that* fuel* Fuel raquiramantt for 
automotive gat turbine and Sliding engine* are developed and 
th* need for certain reteach affodt it diteutted Future retaarch 
effort* planned at Lewi* a'* deter ibed Author 


NS1 27808*# National Aaronautict end St ace Admmitnaiion 
Lewi* Rataarch Cantar Oavaland Ohm 

COMPARATIVE RADIATION TESTING OF SOLAR CELLS 
FOR THE SHUTTLE ROWER EXTENSION PACKAGE 
Co* mo R Baraona Clifford K Swart; and Ruttell E Had Jr 
1981 4 p raft Prevented at th* 15th Photovoltaic Spec 
Cord Kittimmee Fla 12 16 May 19B2 tpontorad by IEEE 
INASA TM 82656 I 922) Avail NTIS HC A02/MF A01 CSCL 
IDA 

(he •ower Ettention Package iRfPl it th* prim* focut of a 
deveh.p-.iani program to produce low cot! tolar cell* The PEP 
•t a 32 kilowatt <fa»ibl* aubttrat* retrievable tola' array tyttem 
tor uta on th* Space Shuttle Solar i*H cott will be reduced by 
increaamg cell area and amplifying cell and coverglaat fabuca 
iron procatt** and apecihcatmn* Th* cott goal it to produce 
edit be-ow $30 p*> watt Two and ten ohm cm tibcon cell* 
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were investigated ft.is papei rtnc'ibti a unique radiation damage 
teat and tide by tide compenson of candidate cell typet with 
pia and pott mediation auplana calibration of outer tpace 
thort circuit eurtrit Author 


Nil 27(01*1 Ifational Aaronautict and Space Admin .tration 
Lewit Research Center Develand Ohio 

THI MOO 2 WIND TURBIN! DEVELOPMENT PROJECT 
Final Report 

Bradford S Lmecott Jujnn T Dennett iRDD Contultantt Inc I. 
and Larry H Gordon Jul 1(81 24 p raft 
(Contract DE AI0179ET 203061 

(NASA TM 82681 DOE/ NASA/ 20305 5 E 9651 Avail NTIS 
HC A02/MF A01 CSCL 109 

A major phate of the Federal Wind Energy Program the 
Mod- 2 wind turbine a second generation machine developed by 
the Boeing Engineering and Connection Co for the U S 
Department of Energy and the lewit Retearch Center of the 
National Aaronautict and Space Admimttration it deacribed The 
Mod-2 it a large 12 5-MW power rating) homontal ant wind 
turbine designed far the generation of electrical power <»i utility 
networks Three machines were built and are located m a duster 
at Goodnoe Hills Washington All technical aspects of the protect 
a>r datc'ibed design approach significant innovation features 
tha mechanical system the electrical power tyttsm the control 
system and the safety system Author 


N81-27(1(*f National Aeronautics and Space Admm stration 
Lewis Research Center Cleveland Ohio 

POLYVINYL ALCOHOL BATTfRV SEPARATOR CONTAIN 
INO INERT FILLER Patent Apptieetwn 

Dean W Sheibley Li Chen Hsu and Michelle A Memo inventors 
(to NASA) Filed 10 Jun 1981 Up 

(NASA Case LEW 13666 1 US Patent Appl SN 272233) Avail 
NTIS HC A02, MF A01 CSCL IOC 

A c rose linked polyvinyl alcohol battery separator is disclosed 
A particulate filler men to alkaline electrolyte of an alkaline 
battery, is incorporated in the separator in an amount of 1 20% 
by weight, based on the weight of tha polyvinyl alcohol and is 
dispersed throughout the product Incorporation of the liMer 
enhances performance and increases cycle Ida of alkaline 
battanes when compered with bananas containing a similar 
separt'or not containing hilar Suitable fillers include titanates 
silicates rirconstes aluminates wood door lignin and mania 
Particle sue is not greater than about SO microns NASA 


NB1 27818*# National Aeronautics and Space Administration 

Lews Research Center Cleveland Ohio 

METHOD OF FORMING OXIDE COATINGS Patent 

G E McDonald inventor (to NASA) Filed 10 Jun 1981 7 p 
(NASA Case lew -13132 1 US Patent Appl SN 2721621 Avail 
NTIS HC A02/MF A01 CSCL 10A 

This invention is concerned with an improved plating process 
for covering a substrata with a black metal osida film The invention 
is particularly directed to making a heating panel for a solar 
collector A compound is efectrodepoeited from an nqueous 
solution containing cobe't metal salts onto a metai --.batiste 
This compound is converted during plating into a black highly 
absorbing osida coaling which coms-ns hydrated oaides This is 
achieved by the inclusion of an >ik. -ng agent in the plating 
bath The inclusion of an oaiduing agent m the plating bath is 
contrary to standard electroplating practice The hydrated oaides 
are converted to oaides by treatment m a hot bath such as 
boiling water An oaiduing agent may be added to the hot liquid 
treating bath NASA 


N91 29519*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

PUMPING POWER CON9IDE RATIONS IN THE DEMONS 
OF NASA RBOOX FLOW CELLS Final Repart 
Mark A Hoberecht Jun 19(1 12 p >afs 

I Contract 0E J.I04 (0AL 127281 


(NASA TM-92B98 DOE/NASA/12726 71 AvmI NTIS 
HC A02/MF A01 CSCL 10C 

Pressure drop data for sia different cell geometries of venous 
flow port, manifold and cavity dimensions are presented The 
redos/ energy/ storuge system uses two fully soluble rsdoa couoies 
as anode and cethodo fluids Both fluids are pumped through a 
redos cell or stack of cellr where tt a electrochemical ri actions 
take place at porous carbon felt electrodes Pit tsurs urop losses 
are therefore associated with th.s system due to the continuous 
flow of reactant solutions The asset pressure drop wrthm a 
redos flow cell is directly dependent on the flow rata as well as 
the various cell dimensions Pumping power require men’s frr a 
specific set of cell operating conditions are found lor venous 
call geometries once the flow rate and pressure drop are 
determined These pumping power requirements contribute to 
the overall system parasitic energy losses which must be 
mimmued the choice of cell geometry becomes critical E 0 K 


N81 -2(820*1 National Aeronautics and Space Adminijnetion 
Lewis Research Canter Cleveland. Ohio 

COMPARI90N OF PHOTOVOLTAIC CELL TEMPERATURES 
IN MOOULES OPERATING WITH EXPOSED AND EN- 
CLOSED BACK (UHFACEE Final Report 

David Namkoong and Frederick F Simon May 19(1 21 p 

refs 

(Contract Do AI01-7KT 204(51 

(NASA TM-81769 DOE/ NASA/ 20486 9 E 931) Avail NTIS 
HC A02/MF A01 CSCL IOC 

Four different photovoltaic module designs were tested to 
determine tha cell temperature of each design .The cell 
temperatures wars compered to those obtained on identical design 
using the same nominal operating cell temperature INOCT) 
concept The reeults showed that tha NOCT procedure does not 
apply to the enc l osed configurations due to continuous transien t 
conditions The en cl osed modules had higher ceM temperatures 
than tha open modules, and insulated modules higher then the 
uninsulated The severest performance lose - whan translated 
from cell temperatures • 1 7 5 Ik lor one en cl osed insulated 
module as a compared to that module mooted openly E A K 


N81 -2(822*| National Aeronautics and Specs Administration 
Lewis Research Center Cleveland Ofuo 
COMPARKON OF INTEGRATED GAMFIBR-COMBINEO 
CYCLE ANO AFB-9TEAM TURBINE SYSTEMS FOR 
INDUSTRIAL COGENERATION 

Joseph J fietmger John M Abbott and Raymond K Sums 
19(1 27 p raft Presented at Iflth Intetsoc Energy Conversion 
Engl Conf. Atlanta. (-14 Aug 1((1. sponsored by ASME 
(NASA TM 82648 E (06) Avail NTIS HC A03/MF AC1 CSCL 
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In the cogeneration technology shemetnres study (CTAS) a 
numbr of advanced coal Arad systems were examined and 
systems using a integrated coal paeiher IGCC or a fluid ned 
combustor AF( wars found to yield attractive cOv^neration results 
m industrial cogeneration apphcetione k anga o' site requirements 
and cogeneration suing strategies using .round rules based on 
CTAS were used m comp enng an IGCC end an AF( The effect 
of time venations m site requirements end the eenertivtty to fuel 
and eiectncity pnea aaaumntions are examined The e c onomic 
altemetnres of industrial or utility ownership era also conerds red 
The results indicate that the IGCC system has potennefly higher 
•uel and emission savings and could ba an attractive option far 
utility ownership T.ia AF8 Steam butane system has a potan 
nelly higher return on investment and could be attractive assuming 
industrial ownersh i p A R.H 


!S(1 28523*f National Aeronautics and Space Aomrmetietion 
Lewis R esear ch Center Cl eveland Ohio 
CHARACTERIZATION. PERFORMANCE. ANO PREDICTION 
OF A LEAD ACID BATTER* UNDER SIMULATED BIBCEIC 
VEHICLE DRIVING REQUIREMENTS Final Report 
John G Ewaehmka and John M (or ok May INI 28 p rate 
(Contract DE-AI01-77C8-5 1044| 

(NASA TM-81771 DOE/ NA SA/ 8 1 044 19 E-717) Avar* 

NTIS HC A03/MF A01 CSCL IOC 

A tuts of tha art 8-V battery module m currant uaa by the 
electric vehicle industry was tasted at the NASA Lewis Re- 
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search Cantor to determine its parlor manes characteristics under 
the SAE J227s driving sc h edule I. C. and D The primary 
obiactnra of tha teats was to determine the effects of periods of 
recuperation and long and afiort periods of electrical regeneration 
m improving tha performance of the battery module and hance 
aatandng tha vehicle range. A secondary object i ve was to 
formufeta a computer program that woirid prechct tha performance 
of ffue battery module for the above driving schedules The results 
show assailant correlation between tha labor a tory testa and 
predicted results Tha predicted performance compared with 
laborat o ry tests was within +24 to -3 7 percent for the 0 
schedule. +05 to 7 1 percent for tha C schedule, and better 
than -114 percent for tha B schedule Author 


Wl lWf'j National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

•OLA ft THERMAL ROWER SYSTEMS PARABOLIC DISH 

V C Truscello 16 May INI 94 p rsfs Props ted m coopera t ion 
with JPL Cahfomw Inst of Technology Pasadena 
(Contracts NAS7-100. 0EAT04 8IAL 16228) 

(NASA TM-62371 JPL-PUB-81 39 006/ JPL- 1060-46) Avail 
NTIS HC A05/MF A01 CSCL I0A 

Tha status of ttw Solar Thermal Power Systems Protect for 
FY I960 is summarusd Included is a discussion of the protect s 
goals, program structure, and progress m parabolic dish 
technology Analyses and test results of concentrators, te c eiveis. 
and power converters are discussed Progress toward tha 
obje c t i ves of technology feasibility, technoiojy readiness system 
f+ a a rtu lity and system readinaas are covered E A K 


NS1 -29624* National Aeronautics and Space Administration 

Lewis Research Canter Cleveland Ohio 

CATALYST SURFACES FOR THE CHROMOUS/CHROMIC 
REDOX COUPLE Patent 

Jose 0 Gmer IGmer. Inc . Waltham Mass ) and Kathleen J 
Cahill inventors (to NASA) (Gmer Inc Waltham Mass ) Issued 
2 Jun 1981 8 p Fried 27 Jul 1979 Supersedes N80 18557 
(18 09 p 1165) Sponsored by NASA 

(NASA Case LEW 13148 2 US Patent 4.270 984 
US Patent AppI SN 061555. US Patent-4.192 910 
US Patent AppI SN 964754. US Patent Class 204 2 1) Avail 
U S Patent and Trademark Office CSCL IOC 

An electricity producing call of the reduction -oxidation 
(REDOX) type divided into two compartments by a membrane 
is disclosed A ferrous/ ferric couple m a chloride solution serves 
as a cathode fluid to produce a positive electric potential A 
chromic/ chromous couple m a chloride solution serves as an 
anode fluid to produce a negative potential The electrode is an 
electrically conductive inert material plated with copper silver 
or gold A thin layer of lead plates onto the copper, silver or 
gold layer when the cell is being charged, the lead ions being 
available from lead chloride which hac been added to the anode 
fluid If tha REDOX call is then discharged the lead depletes 
from the negative electrode and the metal coating on tha 
electrode acts as a catalyst to increase current density 

Official Garette of the U S Patent and Trademark Office 


N8 1-29628* | National Aeronautics and Space Administration 
Lewis Research Canter. C l eveland Ohio 

TESTS OF AN OVERRUNNING CLUTCH IN A WIND 
TUR6INE Final Raged 

Robert C Seidel and .fenry G Planner Jul 1981 13 p refs 

(Contract 0E-AI01-76ET-20320) 

(NASA TM 82653 DOE/NASA/20320-32 E-914) Avail 

NTIS HC A02/MF A01 CSCL 10A 

An overrunning clutch that slipped freely under reverse torque 
was taatad m tha drive tram of tha Mod-0 wind turbine In low 
variable wind condrtiona tha clutch engaged and disengaged 
smoothly without perturbation or oecrilations Tha clutch permitted 
tha generator to be connected to tha line using a relay inetaed 
of an automatic synchronizer Tha alternator was connected to 
tha Ime whan tha rpm reached 96% of synchronous speed and 
it motored to synchronous speed m about 0 1 6 seconds with a 
momentary power aprka of 60 kW Tha performance of tha clutch 
was tha same with and without tha fluid coupling Tha ideal 


power with tha clutch was 5 to 7 kW compared to up to 
50 kW witho.it the clutch Tha overrunning chitch merits 
consideration m future wind turbine designs as a maana of 
simplifying the control system . increasing energy capture, and 
increasing the hie of blades and electrical switch gear ARM 


Nil -29631 *| National Aeronautics and Space Administration 
Lew* Research Center. Cleveland Ohio 

ALKALINE BATTERY CONTAINING A SEPARATOR OF A 
CROSS- LINKED COPOLYMER OF VINYL ALCOHOL AND 
U N6ATU RATED CARBOXYLIC ACID Potent Appli c ation 

(j-Chen Hsu. Warren H Philipp Dean W Shetbiey and Olga D 
Gonxalez-Sanabria. inve n tors (to NASA) Filed 10 Jul 1981 
12 P 

(NASA Case LEW 13102 1 US-Patent Appl-SN-282298) Avail 
NTIS HC A02/MF A01 CSCL IOC 

A battery separator for an alkaline battery separator comprises 
a crosslink ad copolymer of vinyl alcohol umts and unsaturated 
carboxylic acid umts Tha crosslmked copolymer is insoluble in 
water, has excaHent r meats diffusion and oxygon gas barrier 
properties and a low electrical resMtivity A polyaldehyde 
croaalinkmg agent « preferred NASA 


N61 30622*| National Aaronautics and Space Administration 
Lew* Research Center. C l eveland. Ohio 

PREPARATION AND CHARACTERIZATION OF ELEC- 
TRODES FOR THE NASA REDOX STORAGE SYSTEM 
Margaret A Raid. Randall F Gahn. Jem S Lug and JoAnn 
Charleston Sep 1980 17 p refs Prepared for Elect rochem 

Soc Mooting. Hollywood Fla. 5-10 Sap 1980 
(Contract DE-AI04-80AL-12726) 

(NASA TM -82702 DOE/NA SA/ 1 2726- 1 3 E-739) Avail 

NTIS HC A02/MF A01 CSCL IOC 

Electrodes for tha Redox energy storage system based on 
iron and chromium chlonda reactants is discussed The physical 
properties of several lots if fait were determined Procedural 
ware developed for evaluating electrode performance in lab scats 
calls Expanmen tel procedures for evaluating electrodes by cyclic 
voltammetry are described which minimus tha IR losses due to 
tha high mtemal resistance in the fait (distributed resistance) 
Methods to prepare electrodes which reduced tha coevolution 
of hydrogen at the chromium elect rode and eiemmete tha drop 
in voftaga on discharge occasionally seen with previous electrodes 
ware discussed Single calls of 0 3329 ft area with improved 
membranes and electrodes are operating at over 80% voltage 
efficiency and coulombic efficiencies of over 98% at currant 
densities of 16 to 20 amp % ft E A K 


N61 -30662*# National Aaronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 

TEST RESULTS OF THE CHRYSLER UPGRADED AUTOMO- 
TIVE GAS TURBINE ENGINE: INITIAL DESIGN Fetal 

Report 

David Horvath Guy H Ribtrie Jr Edward L Warren and Jamas 
C Wood Jul 1981 66 p refs 
(Contract DE AI01-77CS 51040) 

(NASA TM -81660 D0E/NASA/51040 22 E 6761 Avail 

NTIS HC A04/MF A01 CSCL 106 

Tha upgraded engine as built to the original design was 
deficient m power and had excessive specific fuel consumption 
A high instrumented version of the engine was tasted to identify 
the sources of tha engine problems Analysis of the data shows 
the maior problems to be low compressor and power turbine 
efficiency and excessive mterstuge duct losses In addition high 
HC and CO emission ware measured at idle end high NOx 
emissions at high energy speeds T M 
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NS 1 -306*3* # N itional Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 
QUALIFICATION VESTING OF SECONOARY STERIUZASLE 
SILVER ZINC CELLS FOR USE IN THE JUPITER ATMO- 
SPHERIC ENTRY PHOSE 
Michelle A Memo Jil 1981 18 p 

(NASA TM 82638 E 813) Avail NTIS HC A02/MF AC1 CSCL 
IOC 

A series of qualification tests were run on the secondary 
sterili/able silver oxide - tine cell developed at the NASA Lewis 
Research Canter to determine if the cell was capable of providing 
mission power requirements for the Jupiter atmoaphenc entry 
probe The cells were tested for their ability to survive radiation 
at the levels predicted for the Jovian atmosphere with no loss 
of pe forma nee Call performance was evaluated under venous 
temperature and loading conditions, and the cells were tested 
under various environmental conditions related to launch and to 
deceleration into the Jovian atmosphere The cell performed 
acceptably except under the required loading at low temperatures 
The cell was redesigned to improve low -temperature performance 
and energy density The modified cells improved performance at 
all temperatures Results of testing cells of both the original 
and modified designs are discussed Author 


N81 -31827*| National Aeronautics end Space Administration 
Lewis Research Center. Cleveland. Ohio 
RESULTS OF THE ETV-1 BREADBOARD TESTS UNDER 
STEADY-STATE AND TRANSIENT CONDITIONS 

Noel 8 Sargent end Miles 0 Dustin Aug 1981 16 p refs 

Presented at the Elec Vehicle Council Symp 6 Baltimore 
21-23 Oct 1981 
(Contract DE-A101-77CS-51044) 

INASA-TM 82867 E 944 DOE/ N A SA/ 5 1 044-2 1 1 Avail 
NTIS HC A02/MF A01 CSCL 10A 

Steady state tests were run to characterise :he system and 
component efficiencies over the complete speed-torque capabilities 
of the propulsion system in both motoring and regenerative modes 
of operation The steady state data were obtained using a battery 
simulator to separate the effects on efficiency caused by changing 
battery state-of-charge and component temperature Transient 
tests were performed to determine the energy profiles of the 
propulsion system operating over the SAE J227a driving 
schedules T M 


N81 -32608*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

A REDOX SYSTEM DESIGN FOR SOLAR STORAGE 
APPLICATIONS 

A W Nice and Norman H Hagedorn 1981 9 p refs Presented 
at the 4th Battery and Electrochem Contractors Coni Washing- 
ton OC 2-4 Jun 1981 Sponsored by DOE 
(Contract DE-AI04 80AL-12726) 

INASA-TM 82720 DOE/ NASA/ 12726-14 E-10191 Avail 
NTIS CSCL 10A 

Redox energy storage systems developed for solar power 
applications and utility load leveling applications are described 
The technology readiness ol Redox energy storage for transfer 
of the technology to industry for product development and 
commercialisation by industry is addressed The design features 
of Redox systems for application to stand alone or residential 
storage requirements are described Redox system designs with 
3 to 10 kW power output and storage times of 6 to 250 hours 
are summarised and performance characteristics presented 

J M S 


NS 1 33631*4 National Aeronautics and Space Administration 
I ewis Research Center Cleveland Ohio 

AOVANCES IN MEMBRANE TECHNOLOGY FOR THE NASA 
REDOX ENERGY STORAGE SYSTEM 

Jerri S Ling and JoAnn Charleston 1 980 1 8 p refs Presented 
at Electrochem Soc Meeting Hollywood Fla 5 10 Sep 1980 
IContract DE AI04 80AL 127261 

(NASA TM 82701 DOE NASA 12726 12 E 7381 Avail 
NTIS HC A02/MF A01 CSCL 10A 

Anion exchange membranes used in the system serve as a 
charge transferring medium as well as a reactant separator and 


are the key enabling component in this storege technology Each 
membrane formulation undergoes a series of screening tests for 
aree-resisbvity static (non flow) diffusion rate determination, and 
performance in Redox systems The CDIL series of membranes 
has. by virtue of its chemical stability and high ion exchange 
capacity demonstrated superior properties in the redox environ 
ment Additional resistivity results et several acid end iron solution 
concentrations iron diffusion rates, and time dependent iron 
fouling of the various membrane formulations are presented in 
comparison to past standard formulations T M 


A81-11034 * Control of volume resistivity in inorganic- 

organic separators. D W. Sheibley and M A. Manro (NASA. Lewis 
Research Center, Cleveland. Ohio). Electrochemical Society. Journal. 
vol. 127, Nov. 1980. p. 2392 2397 9 refs. 

Control of resistivity in NASA inorganic-organic separators is 
achieved by incorporating small percentages of high surface area, 
fine-particle silica with other ingredients in the separator coating. 
The volume resistivity appears to be predictable from coating 
composition, that is, from the surface area of filler particles in the 
coating. The approach has been applied to two polymer- 
'plasucizer'-filler coating systems, where the filler content of each is 
below the generally acknowledged critical pigment volume concen- 
tration of the coating. Application of these coating systems to 
0.0254 cm thick (10 mil) fuel-cell grade asbestos sheet produces 
inexpensive, flexible, microporous separators that perform at least as 
well as the original inorganic-organic concept, the Astropower 
separator. (Author) 


A81 -20805 * » Status of commercial phosphoric add fuel call 
system development. M. Warshay. P. R. Prokopius, S. N. Simons, and 
R. B King (NASA. Lewis Research Center, Phosphoric Acid Fuel 
Cell Program Load Center Office. Cleveland. Ohio). American 
Institute of Aeronautics and Astronautics. Aerospace Sciences 
Meeting. 19th. St Louts. Mo.. Jan 1215. 1981. Paper 81-0396 9 p 
12 refs. 

A review of the current commercial phosphoric acid fuel cell 
system development efforts is presented. In both the electric utility 
and on-site integrated energy system applications, reducing cost and 
increasing reliability are important. The barrier to the attainment of 
these goals has been materials. The differences m approach among 
the three major participants are their technological features, includ- 
ing electrodes, matrices, intercell cooling, bipolar/separator plates, 
electrolyte management, fuel selection and system design philoso- 
phy. (Author) 


A81 23694 * Large wind-turbine protects in the United 

States wind energy program. R L. Thomas and W. H. Robbins 
(NASA. Lewis Research Center, Cleveland. Ohio). Journal of 
Industrial Aerodynamics, vol. 5. May 1980, p. 323-335 

The tedmological development of large, horizontal axis wind 
turbines ( 100 kW-2500 kW) is surveyed with attention to prototype 
projects managed by NASA. Technical feasibility has been demon 
strated in utility service for systems with a rated power of up to 200 
kW and a rotor diameter of 125 ft (Mod-OA). Current designs of 
large wind turbines such as the 2500 kW Mod-2 are projected to be 
cost competitive for utility applications when produced in quantity, 
with capital costs of 600 to 700 dollars per kW (in 1977 dollars). 

L.S. 


A81 27174 * » Space solar ceils High efficiency and radia- 
tion damage H W Biandhorst, Jr and 0 T Beinatowicz (NASA. 
Lewis Reseairh Center. Cleveland. Ohio ). In. Photovoltaic Special 
ists Conference. 14th. San Oiego. Calif.. January 7 10. 1980 
Conference Record IA81 27076 1 1 44) New York, Institute of 
Electrical and Electronics Engineers, Inc , 1980. p 667 673 22 refs 
The proceedings of the Third Solar Cell High Efficiency and 
Radiation Damaqr- Meeting are outlined The topics covered included 
high efficiency silicon solar cells, silicon solar cell radiation damage. 
GaAs solar cell performance, and 30 percent conversion devices The 
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study ot radiation darnaqi- tiom a fundamental defect centered basis 
is discussed and evaluated as a locus ot tutuie wink 18% AMO 
efficiency and 0 7V onen-ciicuit voltages air designated a) achieva 
We goals loi silicon solai cells, and the potential foi T0% AMO 
efficiencies from monolithic tandem cell designs without sunlight 
concentiation is noted In addition to its potential foi 20% AMO 
efficiencies, the GaAs cell offers the possibility of a ladiation 
insensitive potvei supply when opeiatrd at tempeiatuies neai 200 C 

LS 

All-27204 * Radiation damage In lithium-counterdoped 

N/P silicon solar cells A M Hermann, C K Swart/. H. W 
Brandhorst. Jr., and I Weinberg (NASA. Lewis Research Center. 
Cleveland. Ohio). In Photovoltaic Specialists Conference, 14th, San 
Diego. Calif.. January 7-10, 1980. Conference Record. (A81- 
27076 11-44) New York, Institute of Electr.cal and Electronics 
Engineers. Inc., 1980, p 840-846 14 refs. 

The radiation resistance and low-temperature annealing proper 
ties of lithium-counterdoped n(*) p silicon tolar calls are mvestigat 
ed Cells fabricated from float /one and C/ochralski grown silicon 
were irradiated with 1 MeV electrons and their performance 
compared to that of 0 35 ohm-cm control cells. The float /one cells 
demonstrated superior radiation resistance compared to the control 
cells, while no improvement was noted for the C/ochralski grown 
cells Anneal.ng kinetics were found to lie between first and second 
order for relatively short times, and the most likely annealing 
mechanism eras found to be the diffusion of lithium to defects with 
the subsequent neutralization of defects by combination with 
lithium. Cells with zero lithium gradients exhibited the bett radiation 
resistance. L.S. 


A81-27231 * Photovoltaic applications - Past and future. H 

L. Macnmber (Monegon. Ltd.. Gaithersburg. Md I, D Faehn (US 
Army. Mobility Equipment Research and Development Command. 
Fort Belvoir. Va I.S I Kaplan (Oak Ridge National Laboratory. Oak 
Ridge. Tenn ). J N Deyo (NASA. Lewis Research Center. Cleveland. 
Ohio), M D Pope (MIT, Lincoln Laboratory, Lexington. Mass ), and 
D G. Schuelet (Sandia Laboratories. Albuqueique, N Mex ) In 
Photovoltaic Specialists Conference. 14th. San Diego. Calif., January 
7 10. 1980. Conference Record IA81 27076 1 1 44) New York 
Institute of Electrical and Electrons Engineers. Inc. 1980. p 
1004 1017 25 rets. 

This paper presents an overview of photovoltaic systems 
applications since the initiation of the U S National Photovoltaic 
Program in 1975 Experiences with these applications are summa 
n/ed and some conclusions /-e drawn Implications for future 
research, technology development and application experiments ve 
drawn from the experiences to date (Author) 


A81 27254 * » Analysts of GaAs and Si solar call arrays for 
earth orbital and orbit transfer missions K S Jefferies (NASA. 
Lewis Research Center Space Propulsion and Power Div.. Cleveland. 
Ohio) In Photovoltaic Specialists Conference. 14th. San Diego 
Calif . January 7 10, 1980, Conference Record. (A81 27076 11 44) 
New York, Institute of Electrical and Electronics Engineers, Inc , 
1980 p 1164 1168 6 refs 

Solar array systems have been studied and compared tor earth 
orbital and orbit transfer missions with the principal obiective of 
quantifying the cost tradeoffs between gallium arsenide and silicon 
array 'or specific classes of missions and system characteristics For 
the missions considered, it is found that the purchase cost advantage 
of Si arrays is not overcome by the greater radiation resistance of 
GaAs arrays The use of reflectors for concentiation may significant 
ly reduce the power system cost However, GaAs arrays benefit 
considerably more from solar concentration than Si arrays in terms 
of mission cost because of their higher allowable temperature In the 
case of orbit transfer missions, a cover glass thickness of at least 0 05 
cm is recommended to reduce total mission cost V L 


A8 1-38063 ’ 0 An experimental Investigation of silicon setter 
nirface roughness and its effect on the pul-strength of pitted me tail 

G. D. Spiers (NASA. Lewis Research Center, Cleveland. OH). 
Inttituf of E lac trie al and Elaclromct Enginaan, Photovoltaic Spa- 
claims Confaranca. 15th, Kiuimmaa. EL. May 12-15. l901,Papar. 6 
p. 14 refs. 

Plated silicon wafers with surface roughness ranging from 0 4 to 
130 micromches. subiected to tensile pull strength tests, were 
analyzed. Results show that the measured pull-strength of plated 
metals decrease with increasing silicon surface roughness, effecting a 
weakening of the conesive strength of the wafer, possibly caused by 
microcracks or ‘etch pits' in the silicon surface. The mean value of 
pull-strength for all waters plated with the Ni-Cu-Cu sequence 
exceeded the required 450 g/0.02 sq cm, and at Ra • 0.4 
microinches, the mean pull-strength for the Ni-Cu-Cu and Ni-Cu 
wafers were 2290 and 850 g/0.02 sq cm, respective 1 '.' The 
development of standardized methods for measuring contact pull 
strength is suggested These results may have some bearing on solar 
cell arrays problems. E.B. 


Nil -1061 7*| United Technologist Corp South Windsor. Conn 
Power Systems Div 

COGENERATION TECHNOLOGY ALTERNATIVE* STUDY 
(CTAS) VOLUME 6: ANALYTICAL APPROACH AND 

RESULTS Final Report 

Jan 1980 176 p refs 

(Connects DENS 30 EC 77-A 31-10621 

I NASA CR 159763 DOE/NASA/0030 80/5. UTC FCR 1333) 
Avail NTIS HC A09/MF A01 CSCL 10B 

Data and mformat-on in the area of advanced energy 
conversion systems for industrial cogeneration applications in the 
1985 to 2000 time period are provided Six current and thirty-six 
advanced energy conversion systems were defined and combined 
with appropriate balence of plant equipment Twenty six 
industrial processes were selected from among the high energy 
consuming industries to serve as a framework for the study 
Each conversion system was analyzed as a -.^generator with 
each industrial plant Fuel consumption, costs and envtronmen 
tal intrusion were evaluated and compared to corresponding 
traditional values Various cogeneration strategies were analyzed 
and both topping and bottoming (using industrial by-product heat) 
applications were included The advanced energy conversion 
technologies indicated reduced fuel consumption costs, and 
emissions Typically fuel energy savings of 10 to 26 percent 
were predicted compared to traditional on site furnaces and utility 
electricity Gas turbines and combined cycles indicated high overall 
annual cost savings Steam turbines and gat turbines produced 
high estimated returns In some applications, diesels were most 
efficient The advanced technologies used coal derived fuels, or 
coal with advanced fluid bed combustion or on rite gasification 
systems RKG 


N61 12646*# STD Research Corp. Arcadia Calif 
ANALYTICAL INVESTIGATION OF CRITICAL PHENOMENA 
IN MHO POWER GENERATORS Final Report 

31 Jul 1980 375 n refs 

(Contracts DEN3 179 SC 77 AA 0126741 

INASA CH 165143 DOE/NASA/0179 1 STDR 80 22) Avail 

NTIS HC A16/MF A01 CSCL 10A 

Critical phenomena in the Arnold Engineering Development 
Center IAEDC) High Performance Demonstration Experiment 
IHPDEI and the U S U 25 Experiment, are analyzed The 
performance of a NASA specified 500 MW(th) flow train is 
analyzed Critical phenomena analyzed include Hall voltage 
overshoots optimal load schedules parametric dependence of 
the electrode voltage drops boundary layer behavior, near 
electrode phenomena with finite electrode segmentation current 
distribution in the end regions scale up rules optimum Mach 
numbei distribution and the effects of alternative cross sectional 
shapes R C T 
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NB 11 3464*1 Bums and Roe Inc . Woodbury N Y 
ENGINEERING SUPPORT FOR MAONETOH y DROOYNAMIC 
POWER PLANT ANALYSIS AND DESIGN STUDIES 

A W Carlson I L Chart G Marchmont. R Rogali. and 0 
Shikar Aug 19S0 288 p refs 
(Contracts DEN3 107 EC 77 A 01 2674) 

(NASA CR 159690. DOE/ NASA/0197-11 Avail NTIS 
HC A13/MF A01 CSCL 108 

The marO' factors which influanca the economic engineering 
selection of stack inlet temperatures in combined cycle MHO 
powerplants are identified and the range of suitable stack inlet 
temperatures under typical operating conditions is indicated 
Engineering data and cost estimates are provided for four 
separately fired high temperature air heater IHTAH) system designs 
for HTAH system thermal capacity levels of 100. 250. 500 and 
1000 MWt An engineering survey of coal drying and pulverising 
equipment for MHO powerplant application is presented as wall 
as capital and operating cost astimatas for varying degrees of 
coal pulverisation A R H 


N81-13467*# Burns and Roe. Inc. Woodbury. N Y 

MODIFICATION OF THE ECAS REFERENCE 8TEAM 
POWER GENERATING PLANT TO COMPLY WITH THE EPA 
1978 NEW SOURCE PERFORMANCE STANDARDS Final 
Report 

S A Fogelson I L Chan W J Bradley, and W Benson Aug 
19B0 248 p refs 

(Contracts DEN3-107. 0EAI0177ET 107691 

(NASA-CR 159853. DOE/ NASA/0107-2) Avail NTIS 

HCA11/MFA01 CSCL 1 0B 

Detailed capital coat estimates for the ECAS and modified 
reference plants in mid- 1978 dollars for both 250 and 175 F 
(394 and 353 K) stack gas reheat temperatures based on the 
cost estimates developed for the ECAS study are presented 
The scope of the work included technical assessment of sulfur 
dioxide scrubber system design, on site calcination versus 
purchased lima, reheat of stack gas. affect of sulfur dioxide 
scrubber on particulate emission, and control of nitrogen oxides 

Author 


NS1-14391*HI Motorola Inc. Phoenix Am 

MARKET DEFINITION STUDY OF PHOTOVOLTAIC POWER 

FOR REMOTE VILLAGES IN DEVELOPING COUNTRIES 

Clyde Ragsdale and Prosper Quashie Oct 1980 208 p refs 

(Contracts DEN3 49 0E A10179ET 204851 

(NASA CR 159880 D0E/NASA/0049 80/2 EDR 11101 Avail 

NTIS HC A10/MF A01 CSCL 108 

The potential market ol photovoltaic systems in remote village 
applications m developing countries is assessed It is indicated 
that photovoltaic technology is cost-competitive with diesel 
generators in many remote village applications The maior barriers 
to development of this market are the limited financial resources 
on the part of developing countries and lack of awareness of 
photovoltaics as a viable option in rural electrification A 
comprehensive information education and demonstration program 
should be established as soon as possible to convince the potential 
customer countries and the various financial institutions of the 
viability of photovoltaics as an electricity option foi developing 
countries J M S 


N81 15441*# Utile (Arthur D l ine Cambridge Mass 
STUDY OF COMPONENT TECHNOLOGIES FOR FUEL CELL 
ON SITE INTEGRATED ENERGY SYSTEMS Final Report 

W David Lae and Siegfried Mathias Dec 1980 129 p refs 

(Contracts 0EN3 121 DE AI03 80ET 1 12721 
(NASA CR 1651 52 Vol 1 . 00E/NASA/01 21 80/ 1 Vol 1 
ADL 836131 Avail NTIS HC A07/MF A01 CSCL 10A 

Heating, ventilation and air conditioning equipment are 
integrated with three types of fuel cells System design and 
computer simulations are developed to utilue the thermal energy 
discharge of the fuel m the moat coat effectors manner The 
fuel provides all of the electric needs and a loss of load probability 
analysis is used to ensure adequate power plant reliability 
Equipment cost ts estimated for each of the systems analyzed 
A leveltzed annual coat reflecting owning and operating costs 
including the cost of money was used to select the most 


promising integrated system configurations Cash flows are 
presented for the moot promising 16 systems Several systems 
for the 96 unit apartment complex (a retail store was also studied) 
were cost competitive with both gas and electric based 
conventional systems Thermal storage is shown to be beneficial 
and the optimum absorption chiller sizing (waste heat recovery) 
in connection with electric Chilian are developed Battery storage 
was analyzed since the system is not electric grid connected 
Advanced absorption Chilian wen analyzed as well Recommenda- 
tions covering financing technical development, and policy issues 
are given to accelerate the commercialization of the fuel cell for 
on site power generation m buildings Author 


N81-18442*# Little (Arthur D I. Inc . Cambridge. Maaa 
8TUDV OF COMPONENT TECHNOLOGIES FOR FUEL CELL 
ON SITE INTEGRATED ENERGY SYSTEM. VOLUME 2: 
APPENDICES Final Repast 

W David Lea and Siegfried Mathias Dec 1980 143 p reft 
(Contracts DEN3 121. 0E-AI03-80ET-1 1272) 

(NASA CR 165152 Vol 2 DOE/NASA/0121 -80/ 1-Vol-2. 

ADL 836131 Avail NTIS HC A07/MF A01 CSCL 10A 

This data baae catalogue was compiled in order to facilitate 
the analysis of various on site integrated energy system with 
fuel cell power plants The catalogue is divided mto two sections 
The First characterizes individual components in terma of their 
performance profiles as a function of design parameters The 
second characterizes total heating and cooling cystoma in terms 
of energy output as a function of input and control variables 
The integrated fuel cell systems diagrams and the computer 
analysis of systems are included as well as the cash flows senes 
for beaefme systems E DI 


N8115443*# Lincoln Lab . Maas Inst of Tech . Lexington 

GaAs SHALLOW HOMOJUNCTION SOLAR CELLS Final 
Report 

John C Fan 30 Jun 1980 29 p refs 
(NASA Order C-30969-D) 

(NASA CR 165167) Avail NTIS HC A03/MF A01 CSCL 
10A 

With the objective of demonstrating the feasibility of 
fabricating 2 x 2 cm ifhcient. shallow homofunction GaAs solar 
calls for space applications, this program addresses the besic 
problems of material preparation and device fabrication Significant 
progress was made and conversion efficiencies dose to 1 6 percent 
at AMO were obtained on 2 x 2 cm cells Measurements and 
computer analyses on the n< + )/p/p(-t ) shallow homoiunction 
calls indicate that such cell configuration should be very resistant 
to 1 MeV electron irradiation E 0 K. 


N81- 18879*1 Westmghouse Electric Corp . Pittsburgh. Pa 
CELL MODULE AND FUEL CONDITIONER DEVELOPMENT 
Owe realty R apart. Jsl. - Gap. 1880 

0 O Hoover. Jr Oct 1880 68 p 
(Contracts DEN3-181. DE-AI03-79ET-1 1272) 

(NASA-CR- 166189. DOE/NASA/0181-5; 
Rept-B0-BE6-MARED-R4. QR-41 Avail NTIS 

HC A04/MF A01 CSCL 10A 

Measurements of stack height changes with temperature and 
call matanal characteristics were made Stack 559 was assembled 
and components were fabricated for 560. 561. and 562 Stack 
425 was transferred from the parallel DOE program and installed 
in the OS/IES simulation loop for mechanical and electrical testing 
Construction and preliminary checkout of the 2 kW test facility 
was completed and design and procurement of the 8 kW teat 
facility was initiated The fuel conditioning subsystem design 
continued to evolve, and the state points for the current design 
were calculated at full and part load conditions Steam reforming 
catalyst activity tests were essentielty completed and aging tests 
snd CO shift converter tests wars initiated Author 
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N81-16682*f Boeing Aerospace Co.. Seattle. With 
ELECTROSTATIC BONDING Of THIN ICVCLI BIN! 3 MIL) 
7070 COVER GLASS TO Ta20S AR- COATED THIN (CYCLE 
BINE 2 MIL) SILICON WAFERS ANO SOLAR CELLS 

0 W Egelkrout Jan 1SE1 77 p rafa 
(Contract NAS3-22218) 

(NASA-CR- 166240: D 180-26200 1) Avail: NTIS 

HC A06/MF A01 CSCL 10A 

Elactroatatic bonding of thin cover glaaa to thm tolar call* 
was reeeerched Silicon tolar celts. wafers. and Coming 
7070 glaaa of from about 0.002' to about 0003' in ttiicknaes 
were utad in tha mvaatigation to establish optimum pert mate rt 
for producing mechanically acceptable bonds while minimizing 
thermal atraaaaa and reeultant aolar call electrical parameter 
degradation E D K 


NS1-1SS83*| Ionics. Inc . Watertown. Mass 

ANION FERM SELECTIVE MEMBRANE Summary Report 

Russell B. Hodgdon and Warren A Waite Nov 19S0 64 p 

refs 

(Contracts DEN3-137. DE-AI04-80AL- 127261 

(NASA-CR- 166223; DOE/NASA/0137 1) Avail NTIS 

HC A04/MF A01 CSCL 10A 

The efforts on tha synthesis of polymer anion radon 
membranes wars mainly concentrated in two areas, membrane 
development and membrane fabrication Membrane development 
covered tha preparation and evaluation of experimental mem 
branes systems with improved resistance stability and/or lower 
permeability Membrane fabrication covered tha laboratory scale 
production of pnma candidate membranes in quantities of up to 
two hundred and sues up to 18 inches x 18 inches (46 cm x 
46 cm) These small (10 in x 11 in) and medium sized membranes 
wars mainly for assembly into multicall units Improvements in 
processing procedures and techniques for preparing such 
membrane sets lifted yields to over 90 percent T M 


NS1- 17627*| Stone hart Associates. Inc . Madison. Conn 
PREPARATION AND EVALUATION OF ADVANCED 
ELECTROCATA LY8TS FOR PHOSPHORIC ACID FUEL 
CELLS fbwrsarty Report Jel. • Sep. I860 

Paul Stonahart. John Bans, and Peter Pagliaro Sen 1980 
30 p refs 

(Contract DEN3-176) 

(NASA-CR - 1 65179. D0E/NASA/0176-80/3: QR-3) Avail 
NTIS HC A03/MF A01 CSCL 10A 

Results are presented for hydrogen oxidation and hydrogen 
oxidation poisoned by carbon monoxide at levels between 0 and 
30% Due to the high activities that are now being observed for 
our platinum based eiectrocatafysts. the hydrogen concentrations 
wars reduced to 10% levels m tha gas supplies Perturbation 
techniques were used to determine that a mechanism for tha 
efficient operation of our porous gas diffusion electrodes is 
diffusion of tha carbon monoxide out of tha electrode structure 
through tha electrolyte film on tha electro-catalyst A survey of 
the literature on platinum group metanafs (PGM) was carried 
out so that an identification of successful eiectrocatafysts could 
be made Two PGM electrocstalysts were prepared and 
performance data for hydrogen oxidation in hot phosphoric acid 
m tha presence of high carbon monoxide concentrations showed 
that they matched tha bast platinum on carbon elect rocatalysts 
but with an electrocatalyst cost that was half of tha platinum 
catalyst cost Author 


NS1-17SG8*! Boeing Aeroapace Co . Seattle. Wash 
EVALUATION OF SOLAR CELL COVERS ANO ENCAP 
SULANT MATERIALS FOR SPACE APPLICATION 
Dennis A. Rusasi In NASA Lewis Research Canter Specs 
Photovoltaic Rea and Teehnol 1880 p 293-316 ref (For 
primary document sea NS 1 1 753 1 08-44) 

(Contract NAS3 22222) 

Avail NTIS HC A17/MF A0I CSCL 10A 

The effects of specs radiation (ele ct ron s and protons), vacuum, 
and thermal cycling on a variety of solar cell covers are 
mve at iga t ed Cover materials evaluated include glaaa resets. 2 rml 
glaaa applied with adhesive s or electro* tat iceity bonded, and thm 


plastic fUma of FEP or PFA applied with adhesive Solar cells 
ware axpeaad to arvmm mental conditions simulating those 
encountered in outer space These test conditions include 1 MaV 
elec t ron e . 0 5 MaV protons, and thermal cycling in vacuum During 
testing the solar calls wars monitored for variations in electrical 
characteristics and structural changes MG 


N81-17SG8*f Boeing Aerospace Co . Seattle. Wash 
ELECTROSTATIC BONDING OF THIN (APPROXIMATELY 
3 MIL) 7070 COVER GLASS TO Te206 AR COATED THIN 
(APPROXIMATELY 2 MIL) SILICON WAFERS ANO SOLAR 
CELLS 

0 W Egelkrout and W. E Home In NASA lewis Research 
Canter Specs Photovoltaic Res and Teehnol 1980 p 317-336 
rafa (For primary document see N81- 17631 06-44) 

(Contract NAS3-22216) 

Avail: NTIS HC A17/MF A01 CSCL 10A 

Elactroatatic bonding (ESB) of thm (3 mil) Coming 7070 cover 
glaaa as to Ta206 AR-coeted thin (2 mil) silicon wafers and 
solar calls is investigated An experimental program was conducted 
to establish tha affects of variations in pressure, voltage 
temperature time. Ta205 thickness, and various prabond glaas 
treatments Flat wafers without contact grids wars used to study 
the basic affects for bonding to semiconductor surfaces typical 
of solar cells Solar cells with three different grid patterns wars 
used to determine additional requirements cauaed by tha raised 
metallic contacts M G 


N81-17S74*f Spectroiab Inc . Sytmar. Calif 
THE HEWAC PILOT UNE EXPERIENCE 
M G ilia riders and R. Opforden In NASA Lewis Research 
Center Space Photovoltaic Rea and Teehnol 1880 p 379-386 
(For primary document sea N81- 17631 OS-44) 

(Contract NAS3-21270) 

Avail NTIS HC A17/MF A01 CSCL 10A 

Advanced silicon solar calls with both electrical contacts on 
thi tuck mIi of the ctM in doocribod Thm hig h offit jpfuy 
wrap around contact solar ceNs (HEWACS) utilize a screen primed 
dielectric ineuletion layer to ieofote tha n and p* c onta c ts from 
each other. Develop m am of a device exhibiting high AMO 
conversion efficiencies le addressed along with the procoaaing 
of ouch caBa to a point where csM fabrication can be carried 
out by production personnel under operating production line 
c o nd R iono. J.M.S. 


NS1-1B482 Rensselaer Polytechnic Inst . Troy. N Y 
A METHODOLOGY FOR THE DESIGN AND CALIBRATION 
OF DATA BASED MODELS OF AGGREGATE LAKE 
ECOSYSTEM DYNAMICS Ph D. Thaoie 

Glenn Foster Roberts 1980 284 p 

Avail Unhr Mierofi'.ne Order No 8103762 

(NASA-CR- 1596H8; D0E/NASA/0056-79/2) Avatl NTIS 

HC A08/MF A01 CSCL 108 

The concept a valuation shows that tha four cylinder double 
acting U type Stirling angina with innular regenerators is tha 
moat suitable angina type for tha IS kW solar application with 
respect to design, performance and cost Results show that near 
term performance for a metallic Stirling angina is 42% efficiency 
Further improved components show an impact on efficiency of 
the future metallic angina to 46% Increase of heater temperature 
through tha introduction of ceramic components, contribute tha 
greatest amount to achieve high efficiency goals Future ceramic 
Sliding anginas for solar applications shotv an efficiency of around 
50% TM 


NS1 -18481*# Westmghouee Electric Corp . Pittsburgh. Pa 

Advanced Energy Systems Dry 

DISK MHO GENERATOR STUDY Final Reperl 

F D Retailick at al Oct 1880 424 p refs 

(Contract DEN3 139 DE A10177ET 107691 

(NASA CR- 169872 DOE/NASA/0139-1 AES0 TME 3064) 

Avail NTIS HC A18/MF A01 CSCL 10A 

Directly fired, separately-fired, and oxygen-augmented MHD 
power plants incorporating a disk geometry for tha MHD generator 
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werv studied The bat* paramtteii defined lor foul near-optimum 
panuimanca MHO steam power systems of various types era 
presented The finally selected systems consisted of 1 1 ) two directly 
fired cases one a: 1920 K (29B6Fi preheat end the other at 
1660 K 12500 FI preheat. (21 a separately fired case where the 
err is preheated to the seme level as the higher temperature 
directly hied cases and (31 an osygen augmented care with the 
same generator inlet temperature of 2939 (4660F) as the high 
temperature directly fired and separately-fired cases Supersonic 
Mach numbers at the generator inlet, gas inlet swirl, and constant 
HeH field operation were specified based on disk generator 
optimisation System pressures were based rn optimisation of 
MHO net power Supeicritical reheat stream plants were ueed 
m all cases Open and closed cycle cr-mponent costs are 
summarised and compared A R H 


M91- 19494*# Westing houss Research and Development Canter 
Pittsburgh. Pa 

CELL MODULI AND FUEL CONDITIONER Oupiserty Report. 
Jut. - Sop. 1990 

0 Q Hoover. Jr Oct 1990 72 p 
(Contracts DEN3-19V DE AI03-78FT-1 1272) 

(NASA CR 165199. OOE/NASA/0161 5. 

Rapt 90-BE6 MAREO H4. OR 41 Avail NTIS 

HC A04/MF A01 CSCL 10A 

Measurements of stack height changes with temperature and 
call material characteristics were made Stack 559 was assembled 
and components were fabricated for 560 561. and 562 Stack 
425 was transferred from the parallel DOE program and installed 
m the OS/IES simulation loop for mechanical and electrical tasting 
Construction and preliminary checkout of the 2 kW test facility 
was completed and design and procurement of the 9 kW test 
facility was initiated The fuel conditioning subsystem design 
continued to evolve and the state points for the current design 
were calculated at full and part load conditions Staam reforming 
catalyst activity tests were essentially completed and aging tests 
and CO shift converter tests were initiated Author 


N91-19496*# Sotarea Corp Rockville Md 

COPLANAR RACK CONTACT! FOR THIN 9IUCON 90LAR 

CELLE Final Rap on. 24 Jul 1979 • 19 Jul 1990 

G Storti A Sc hem me 0 Whitehousa J Wohlgemuth. C Wngley 
and M Giuliano Jan 1991 39 p refs 
(Contract NAS3 712501 

(NASA CR 1652721 Avail NTIS HC A03/MF A01 CSCL 
10A 

The type of copianar back contact solar call described was 
constructed with mterdigitated n( * ) and p( * I type regions on 
the back of the cell such that both contacts are made on the 
back with no metallisation grid on the front This cell construction 
has several potential advantages over conventional calls for 
space usa namely convenience of interconnects lower operating 
temperatures and higher efficiency due to the elimination of 
grid shadowing However the processing is more comples and 
the cell is inherently more radiation sensitive The latter problem 
can be reduced substantially by making tha cells vary thin 
(approximately 50 micrometers) Two types of mterdigitated back 
contact cells are possible the types being dependent on the 
character of the front surface The front surface field cell has a 
front surface region that is of tha same conductivity type as tha 
bulk but is mors heevtly doped This creates an electric held at 
the surface which repels the minority carriers The tandem |unctN>n 
call has a front surface region of a conductivity type that is 
opposite to that of tha bulk Tha function thus created floats to 
open circuit voltage on illumination and mtects carriers into the 
bulk which then can be collected at tha rear function For space 
use the front surface field call is potentially mors radiation resistant 
than tha tandem function cell because the flow of minority cr ms’s 
(electrons) into the bulk win be lees sensitive to the production 
of recombination centers particularly m tha space charge region 
at the front surface T M 


N91 19496*| Stonehart Associates Inc Madison Conn 
PREPARATION AND (VALUATION OF ADVANCED 
(LICTAOCATALV9T9 FOR PHOEPHORIC ACID FUEL 


CELLE Quarterly Report. Oct - Doe. 1990 

Paul Stonehart John Bans John Hochmutt and Pater Psgkero 

31 Doc 1990 35 p 

(Contracts 0EN3- 176 DE AL01-90ET 17099) 

(NASA-CR 166246 DOE/ NASA/01 76-90/4, GR-41 Avail 
NTIS HC A03/MF A01 CSCL 10A 

Alloy electrocatalysts on carbon supports were devafoped 
for hydrogen oiidation m the presence of carbon monoxide These 
etectrocetafysts match tha boat platinum on carbon catalysts for 
performance yet cost half as much The results demon strata 
that a significant reduction in anode electrocatalyst material coat 
can be achieved by replacing tha platinum Since surface 
characterisation of this catalyst is important to explain its 
performance several approaches and pitfalls to tha elucidation 
of the surface cheracten/stion are presented T M 


N91 -19497*1 National Eursau of Standards. Washington DC 
Metallurgy Onr 

NON NOBLE CATALY9T9 AND CATAL V 9T 9UPPORT9 FOR 
PHOEPHORIC ACID FUEL CELLE Quarterly Report. Apr. 
Nov. 1990 

A J McAlister Nov 1990 13 p refs 
INASA Order C-462290 Contract 0E-AL0190ET 17099) 
(NASA CR 166221. OOE/NASA/6229-1. QR-1) Avail NTIS 
HC A02/MF A01 CSCL 10A 

Tungsten carbide which is known to be active for hydrogen 
oxidation and CO tolerant has a hexagonal structure Titanium 
carbide is inactive and has a cubic structure Four different samples 
of the cubic alloys Wx-ITixC were prepared and found to ba 
active and CO tolerant These alloys are of interest aa possible 
phosphoric acid fuel call catalysts They also are of interact as 
opportunities to study the activity of W m a different crystalline 
environment and to correlate the activities of the surface sites 
with surface composition Author 


N91-19979*| Westinghouse Research and Development Center 

Prttsburgh. Pa Research and Development Center 

CELL MODULE AND FUEL CONDITIONER DEVELOPMENT 

OifSsrty R apart. Oct. - Dec. 1990 

D Q Hoover. Jr Jan 1991 72 p refs 

(Contracts 0EN3 161 OE AI0190ET 17099) 

INASA CR 165190 001/ NASA/0161 6 

Rapt 90 9E6 MAREO R5 QR 51 Avail NTIS 

HC A04/MF A01 CSCL 10A 

Tha teat results of and post test snelysrt of Stack 559 are 
reported The design features and cons ruction status of Stacks 
660 661. 562 and 663 are describe. The measurements of 
cell materials compressibility are rationakied and summarised 
and an explanation of their uses is given Preliminary results of 
a manifold material/ coating survey are given The results of shift 
converter catalyst performance tests and reforming catalyst agmg 
tests are reported State points for full load and part load operation 
of the fuel conditioning subsystem tabulated Work on the data 
baas lor tha fuel conditioner ancillary subsystems is sum 
marued T M 


N91-21633*# Mathtech Inc Arlington Va 

STUDY OF FUEL CELL ON-SITE. INTEGRATED ENERGY 
SYSTEMS IN RESIDENTIAL/ COMMERCIAL APPLICATIONS 
Final R apart 

R A Wakefield S Karamchetty R H Rand. W S Ku and V 
Tekumalla Oct 1990 310 p refs 
(Contracts 0EN3-99 OE AI03-79ET 11272) 

(NASA CR 166144 DOE/ NASA 0099 90/ 1 E FC 002) Avail 
NTIS HC A14/MF A01 CSCL 10A 

Three budding applications were selected for a detailed study 
a low rise apartment buildmg a retail store and a hospital 
Budding design data were then specified for each application 
baaed on the design and construction of typical actual buildings 
Finally a computerised budding loads analysis program was 
used to set i mats hourly and use load profiles to' each building 
Conventional and fuel cell baaed energy systems were designed 
and simulated for each building m each location Baaed on the 
results of a computer simulation of each energy system 
levrlned annual costs and annual energy consumptions were 
calculated for all systems T M 
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Ml 21UIV Energy Research Corp Danbury Conn 
TICHNOLOOV DEVELOPMENT PON PHOSPHORIC ACID 
FUll C(U ROWIRPLANT. PHAM 2 Osaartarty Report 

Larry Qmatnar Mar 1S60 74 p 
(Contract* 0EN3 67 DE-AL03 78ET 1 1272) 

(NASA CR 165317 DOE/ NASA, 0067 79 3 ERC 16 OR 61 
Avail NTIS HC A04/MF A01 CSCL 10A 

Tha tachnotogy davalopmant lor matanalt colli and ralormara 
for on aita intagratad anorgy ayatama ia daacnbad Tho carbonize 
non ol 26 cu cm 360 cu cm and 1200 cu cm call toat hardware 
waa accomplished and tha parlor manca ol 26 cu cm lual call* 
wa* improved Electrochemical corroaion rata* ol praphlte/ 
phenolic ream compoaita* in phoaphortc acid were datarmmad 
Three call* (6 m by 16 in etecks) war* operated lor longer than 
7000 hour* Spacihad endurance stack* complatad ■ total ol 
4000 hour* An electric ally heated reformer wa* looted and i* 
to provida hydrogen lor 23 call lual coll atack R C T 


N81 -21647*1 Energy Research Corp Danbury Conn 
T1CHNOLOOY DEVELOPMENT PON PHOSPHORIC ACID 
FUEL CELL ROWIRPLANT (PHASE 2) Quarterly Neport 

Larry Chnatnat Dec 1979 62 p ret* 

(Contract* DENS 67 01 AI03 79ET 11272) 

(NASA CR 166316 DOE/NASA/0067 79/2 QR 6) Avail 
NTIS HC A04/MF A01 CSCL 10A 

Tha *tatue ol technology lor tha menutactunng and t eating 
ol 1200 *q cm call material* component* and (tack* lor on cite 
intagratad energy eystem* i* attached Topic* covered mcludo 
ID preparation ol thin layer* ol tilicon carbide (2) definition 
and control achamo* lor volume change* in phoaphortc acid 
lual call* 131 preparation ol low ream content graphite phenolic 
ream compoaita* 14) chemical corroeion ol graphite phenolic ream 
compoeitee m hot phoaphortc acid 16) analy*i* ol electrical 
reMtance ol compoaita material* lor lual call* and (61 lual call 
performance and tailing A R H 


Nil 21646*0 Energy Reiearch Corp Danbury Conn 
TECHNOLOGY DEVELOPMENT FON PHOSPHORIC ACID 
FUEL CELL POWENPLANT (PHASE 2) Quarterly Report 

Larry Chnatnat Mar 1960 76 p ref* 

(Contract* DEN3 67 OE AI03 79ET 1 1272) 

(NASA CR 166317 00E/ NASA/0067 79/3 QR 6) Avail 

NTIS HC A04/MF A01 CSCL 10A 

Progreu is i (ported m tha davalopmant of technology lor 
malarial* call component* and reformer* lor on arts integrated 
energy *y*tam* Carbonization of 26 *q cm 360 sq cm and 
1200 *q cm call tail hardware wa* accomplished Tha 
performance of 25 »q cm fuel call* wa* improved by using this 
material Electrochemical corroeion rata* ol graphite phenolic roam 
compoaita* in phosphoric acid war* datarmmad Thro* call 6 in 
by 1 6 m stack* operated lor more than 7 000 hour* Specified 
endurance stacks complatad 4 000 hour* A electrically heated 
reformat to provida hydrogen for a 23 call lual call stack was 
tasted A R H 


NS1 22467*0 Thermo Electron Corp Waltham Man 

THERMAL ENERGY STORAGE FOR THE STIRLING ENGINE 
POWERED AUTOMOBILE Final Report 

Daan T Morgan ad Mar 1979 319 p tel* Prepared for 

Argonn* National Lab 

INASA Order C 2326 Contract W 31 109 38 41361 
INASA CR 169661 ANL K76 4135 1 TE5464 66 79) Avail 
NTIS HC A14/MF A01 CSCL IOC 

A thermal anorgy storage (TES) system devalnnad tor u*a 
with tha Stirling engine a* an automotive power system has 
gravimetric and volumetric storage danartia* which ar* competitive 
with electric battery storage system* mast* all operational 
requirement* lor a practical vehicle and can b* packaged in 
compact sued automobile* with minimum impact on passenger 
end freight volume Tha TES/ Stirling system it the only storage 
approach lor direct uaa ol cor ibuation heat from fuel sources 
not tuitabl* tot direct transport and u*a on the vehicle The 
parti r ar concept daacnbad is also useful lor a dual mode 
TES/ id fuel system m which the TES I recharged from an 
• ■tar nel energy sourest i* used lor short duration trips lap 


proaimatety 10 miles or la*a) and liquid lual earned on board 
tha vehicle used lor long duration trip* The dual mode approach 
often tha potential ol 60 percent savings m tha consumption ol 
premium liquid fuels lor automotive propulsion in tha United 
States A R H 


NS1 22473*0 Institute ol Gas Technology Chicago III 
Engineering Research Dnr 

STABILIZING PLATINUM IN PHOSPHORIC ACID FUSL 
CELLS Quarterly Report. Doc 1SB0 Mar 1SS1 
Robert J Ramick Apr 1961 26 p rafs 
(Contracts 0EN3 206 DE-AI01 BOET 1706S) 

(NASA CR- 1663 11 DOE/ NASA/ 0206 1 Rapt 61061 QR-1) 

Avail NTIS HC A02/MF A01 CSCL 10A 

Tha cathoda of tha phosphoric acid lual call uses a high 
surface area platinum catalyst supported on a carbon substrata 
During operation tha small platinum crystallite* sinter, causing 
loss in call parlor manca A support was davalopad that siabrluas 
platinum m tha high surface area condition by retarding or 
preventing tha sintering process Tha approach is to form atch 
pits m tha carbon by oxidizing tha carbon in tha presence of a 
matal osida catalyst ramova tha matal o«ida by an acid wash 
and than deposit platinum in thasa pits Results confirm tha 
formation ol atch pits in each ol tha thraa supports chosan for 
investigation Vulcan XC 72R. Vulcan XC-72 that was graphuad 
at 2600 C. and Shawmigan Acetyl an* Black T M 


NS1 22476*| Energy Research Corp Danbury. Conn 
TECHNOLOGY DEVELOPMENT FOR PHOSPHORIC ACID 
FUEL CEU POWENPLANT (PHASE 21 Quarterly Repo rt 

Larry Chnetner Jun I960 49 p tala 
(Contract DEN3-67 OE AI03-79ET 1 1272) 

(NASA CR 166316 DOE/ NASA/ 0067-7S-6. OR 7) Avan 
NTIS HC A03/MF A01 CSCL 10A 

Progress is reported m tha davalopmant of material, call 
components and reformer* for on site intagratad energy eystems 
internal resistance and contact resistance ware improved 
D-ssolvad gasas (02. N2 and C02) wars found to have no 
affect on I ha electrochemical corroeion of phenolic compoaita* 
Stack performance was increased by 100 mV over tha average 
1979 level ARH 


A8 VI 5027 * Moderate temperature sodium calls. I Transi- 

tion metal ditulfida cathodal h M. Abraham. L. Pitts, and R Schift 
(EIC Corp., Nrwton. Mass.) Cltctroch«nuc»l Sacroty. Journil, vol 
127, Dec 1980. p 2646 2650 19 rats Contract No NAS321726 
TiS2. VS2. and Nb(1.1)S2 transition metal disulfides were 
evaluated as cathode matenals lor a moderate temperature recharge 
able Na cell opeiating at 130 C. The 1st discharge of TiS2 results in a 
capacity of 0.86 eq/mole. approximately hall ol the Na in the 1st 
phase spanning the Na range from reto to 0 30 and almost all the Na 
in the 2nd phase spanning the 0.37 to 0.80 range ar* rechargeable 
VS2 intercalates up to one mole ol Na/mole of VS2 in the 1st 
discharge, the resulting Na(x)VS2 ternary consists of 3 phases m the 
3 ranges ol Na trom zero to 1. Niobium ditulfide undergoes a phase 
change in the 1st dischaige, the average rechaigrable capacity in 
extended cycling ol this cathode is 0 50 eq/mole A.T 


A81 27089 * Silicon solai cells with high open circuit volt 

age J A Mmnucci. K W Matthei. A R Kukpatrick and A 
Mr C' ink y (Spue Coip Bedford Mass ) In Photovoltaic Specialists 
Conference 14th, San Diego Calif January 7 ' 0. 1980. Conference 
Record (A81 2 7076 1 1 441 New York. Institute o' Electrical and 
EJectionics Enqmeers. Inc, 1980 p 93 96 Contract No NAS3 
20823 

Open circuit voltages as high as 0 645 V (AMO 25 C) have been 
obtained by a new process developed lor low resistivity silicon The 
method utilizes high dose phosphorus implantation followed by 
furnace annealing and simultaneous oxide growth to form high 
efficiency shallow lunclions The effect of the theimally grown 
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ovule it a reduction of unlace ■•combination velocity I he uvtde alto 
actt at a moderately efficient AR mating Boion doped ulicon with 
letittivitie* tiom 0 1 to 0 3 ohm cm hat liaen procatted according to 
thit tequence inoltt *how highatt open circuit voltaga it attained 
with 0 1 ohm cm ttarting mateual The effect* oi bandgap nartow 
mg canted by hipi doping concantialiom in tha lunction. weie alto 
nvethgated by implanting photphocui over a wida langa ol dota 
levalt (Author) 


A81 27092 * Hi^i efficiency ultrathm coplanar back con 

tact callt 0 Stoiti. C Wngley. J. Wohlgemuth. D Whitahouta. and 
A Schainma ISoiare* Cotp . Rockvilla. Mil I In Photovoltaic 
Specialist Contaranca. 14th. San Diago. Cald . January 7 10. 1980 
Conlaranca Record (AS 1 27076 1 1 441 New York, Irntituta of 
Elactncal and Elactromct Engine. *, Inc, 1980. p 137 140 Con 
tiact No NAS3 21260 

Edom to fabricate high atticiancy. ulbathin roplanai back 
contact callt are detenbed Included it a detri.ption ot datign 
contidaiationt. call tahncetion. and thaoratical ami avpenmental 
analyte* ot loti machanitmt Tha letultt ol theta attortt hat bean the 
laltiication ot a 1 1 8X AMO efficient. 60 micron call whan meaturad 
at 26 C Datign and procatt changat required to increata tha 
afficiancv are indicated (Author) 


A8 1 27094 * H«t- atticiancy wraparound contact tolar callt 

/HEWACS/ M Gdlandert and R Opioulan (Spactrolab. Inc.. 
Sylmar. Cald ) In Photovoltaic Specialist Contaranca 14th. San 
Dieqo. Cald. January 7 10, 1980 Contaranca Record (A81 
27078 11 441 New York. Imtitute ot Electrical and Elactromct 
Engmeart. Inc. 1980 . p 146 160 Contracti No NAS3 20066 No 
NAS3 21270 

A call technology, producing high atticiancy wraparound 
contact tolai callt (HEWACSI with both electrical contactt on tha 
ImcK and AMO convettmn aflicianciat of almott 16V n pratentad A 
flow chart indicating tha batehne procatt tequenre along with tha 
piocett chiinget it given Taut checking loi coating itelammation and 
contact integrity, thota meaumng contact tttangth, ami thermal 
cycle tattt tuccetthilly itamonitrated that thit cell technology it 
ready to Ira moved to tha pilot production ttagr K S 


A91 27097 * That n i p tilicon tolar call A Meulenberg Jr . 

J F Allium, and R A Arndt (COMSAT Laboratonat. Clarkiburg. 
Md ). In Photovoltaic Specialist Contaranca. 14th. San Diego. 
Calif . January 7 10. 1980. Conference Record (A81 27076 1) 441 
New York, Irntituta of Electrical and Elactromct Engmaart. Inc . 
Itroo P 161 166 Retearch tpuntorad by tha Commumcationt 
Satellite Corp . Contract No NAS3 21280 

A tpace tolar call concept which combinet high cell output with 
low ddfution length damage coefficient! it pratentad toi the puipote 
of reducing tolar call tutceptihility to degradation horn the radiation 
environment Hi0> ratntivify nip tilicon tolar cellt ranging from 
upward of 83 micron cm were evpotad to AMO ultraviolet illumine 
tmn It it thown that high reusivity callt act at ettnnuc device! 
umfar dark condition! and at intrinic davicet under AMO illumine 
bon Retntive lottat in thm nip callt are found to be comparable to 
thota m low letithvitv callt Pietent voltage limitation! appear to be 
due to generation amt recombination in the diffutad region* D K 


45 environment pollution 

Include* an noise theimal and mate' pollution 
environment monitonng and contamination contiol 


NS 1 30867*# National Aaronautica and Space Administration 
Lewi* Research Cental Cleveland Otuo 

NASA GLOBAL ATMOSPHERIC SAMPLING PROGRAM 
(GASP) DATA REPORT TOR TAPE VL001B. VL0016. VL0017. 
VL001S. VL001S. AND VL0020 

Leonidas C PapthaLoe and Daniel BneM Jun 1981 96 p 

(NASA TM 81661 € 6791 Avail NTIS HC A05/MF A01 CSCL 
138 

This it the twelfth ol a senes of report* which describes 
the data cunentty available (torn GASP including flight loutes 
and dates instrumentation data piocessmg procedures and data 
tape spectfications In situ measurements of atmospheric (won* 
cabin or on* carbon monoiide watei vapor particles clouds 
condensation nuclei filtei samples and related meteorologicsl 
and flight information obtained during 1732 flights of auciaft 
N533PA N4711U N656PA and VM EBE from January 6 
197S through October 9 1978 are reported These date are 
now available from the National Climatic Center Ashevtlle NC 
22801 In addition to the GASP data tropopeuse pleasures 
obtained from time ens spec* interpolation of National Meteorolog 
■cal Center archived data for the dates of the flights are 
included Autnor 
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46 geophysics 

Include* asronomy upper and lower atmosphere studies 
ionospheric and megnetoephenc phynca and geomagnet • 

it m 

For tpscs radiation aee 93 Space Radiition 


N81-1388S*# National Aeronautics and Spaca Administration 
Lawns Research Centar Cleveland Ohio 

TABULATIONS OF AMBIENT OZONE OATA OBTAINED BY 
QASP AIBUNEB8. MARCH 1B7E TO DECEMBER 1B77 

Gregory D Nastrom (Control Data Crop Minneapolis) and Jamea 
D Hoideman Sep I9E0 1 1 1 p rets 
(Contract DOT FA7SWAI 893) 

(NASA TM 81528 E 481 FAA EE 431 Avail NTIS 

SC A08/MF A01 CSCL 04 A 

Tabulations ara givan ot GASP ambient oione mean 
standard deviation median. 84th parcentile and 98th percentile 
values by season flight level. ,ind geographical rsgion In addition, 
selected empirical probability i anal ions ara highlighted to illustrate 
the type* of curves which might ba appropriate in specific analyses 
o' the tabulated data and an eaample case calculation is presented 
to illustrate how the tebles can be used to estimate the frequency 
of commence! airline flights encountering high cabin osone 
levels Author 


47 METEOROLOGY AND 
CLIMATOLOGY 

Include* weathei forecasting ami modification 


N81146t9*l National Aeronautic* and Spaca Administration 
Lawn Raaaarch Caniai Qevaland Ohio 
ICINO INSTRUMENTATION 

William Otaan In NASA Marshall Spaca Flight Cantat Rroc 
Fourth Ann Workshop on Mataorol arj Environ Inputs to Aviation 
Systamt Mai 19E0 p 49 00 rah (Foi primary document taa 
NS1 14560 06 471 

Avail NTIS HC A13/MF A01 CSCL 040 

The typas and usage categories ol icing instrumentation are 
discussed The state ol the an tor the technology governing the 
use of icing instrumentation is reported with particulai .mphasis 
on ground based facilities for icing tests R C T 


NS1-21SS8*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ANALYSIS OR ATMOSPHERIC OZONE LEVELS AT COM 
MERCIAL AIRPLANE CRUISE ALTITUDES IN WINTER AND 
SPRING. 1B7B - 1S77 

James 0 Holdeman and Gregory D Nastrom (Control Data Corp 
Minneapolis) Apr 1981 IB p refs 
(Contract DOT FA78WAI 893) 

(NASA TP 1807 FAA IF-S1-1 E 488) Avail NTIS 
HC A02/MF A01 CSCL 048 

It was speculated that the orone sickness espenenced by 
some airline passengers and crew members during the winter 
and spring of 1976-77 wars induced by abnormally high 
concentrations of ambient atmospheric orone To investigate the 
possibility that 1976-77 was anomalous orone measurements 
from balloons for up to 13 years and from Global Atmospheric 
Sampling Program (GASPI equipped aircraft for 3 years were 
studied The analyse* presented show that the winter and spring 
seasons of 1976-77 wars averaged statistically and no evidence 
was found to suggest that there was more than a usual variation 
in the frequency that commercial airplanes encountered high 
ambient orone concentrations Author 


A81-20742 * * Cloud encounter and particle density vanabili 
ties from GASP data G 0 Nastiom (Control Dr.ta Corp Mmneepn 
lit, Minn ). J D Holdeman (NASA Lewis Research Center. 
Cleveland. Ohio), and R E Davis (NASA. Langley Research Center. 
Hampton. V* I American Institute ol Aeronautics and Astronautics 
Aerovace Science s Meeting 19th. St Louis Mo Jen 12 15. 1981. 
Paper 81 0308 7p 17 rets 

Summary statistics and vai lability studies are presented for 
cloud encounter and particle numtiei density data as part of the 
NASA Global Atmospheric Sampling Program (GASP) aboard 
commercial Boeing 747 airliners On the average, cloudencounr.tr is 
shown on about 15\ of the 52. 164 data samples available this value 
varies with season, latitude, synoptic wrathei situation, and distance 
from the tiopopause The number density of particles (diameter 
greater than 3 microns! also varies with time and location, and 
depeorh on the honfontel eatent of cloudiness (Author I 


AS 1 20810 * a An analytical approach to airfoil icing. M B 
B<agg. G M G'egorek (Ohio State University. Columbus Ohiol, and 
R J. Shaw (NASA Lewis Research Center. Cleveland. Ohio) 
American Institute ol Aeronautics and Astronautics. Aerospace 
Science t Meeting. 19th. St Lours Mo. Jan 12 IS 1961 . Paper 
81 0*03 18 p 26 refs Grant Nu N*»G3 28 

An analytical procedure has been developed to predict nme ice 
growth on unprotected airfoil sections and to evaluate the aero 
dynamic performance A time stepping method is u*ed in which (11 
water droplet batectones are calculated. (?) a r-me ice shape 
determined. (3) the tlowfield around the iced airfoil is recalculated, 
and (4) the buildup process iterated upon until the desued icmi) 


time is reached The performance o* the iced airfoil shapes are then 
determined from esistmg analytic methods Rime ice shapes detei 
mined m the NASA Lewis Icing Research Tunnel on a modified 
NACA 64 series airfoil agree well with the shapes predicted by the 
analytical method Measured and predicted increases m drag due to 
the rime ice also aryae favorably A simplified scaling analysis is also 
presented and verified which provides the duplication of full scale 
results of rime ice accretions in small scale model tests (Author ) 
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52 AEROSPACE MEDICINE 

Includes physiological factors biological affects of 
lemntion and weightlessness 


N81 2778**# hv’ional Aaionautic* and Space Administration 
lewis Reeeaich renter Clovaland Ohio 

ION MAM SPUTTER ETCHED VENTRICULAR CATHETER 
707 HYDROCEPHALUS SHUNT Ratont Application 
R'uc i Banka inventor (to NASA) Filad 10 Jun 1981 11 p 

I NASA Cat a LEW 13107 1 US Patent Appl SN 272407! Avail 
NTIS NC A02 MF A01 CSCL 06 B 

A caiab't spinal fluid ahunt in lha foim of a vanluculai cathatar 
foi controlling tha condition of hydiocaphalua by raliavmg th« 
rtcessive cerebrospinal fluid piaatuia K daacubad A malhod 
lot fabrication of tha cathatai and shunting tha catabral fluid 
from tha ca'abral vantuclaa to othar areas of tha body it alto 
considaiad Shurt flow failuta occurt if tha vantncla collaptat 
dua 10 impiopar valva function causing ovaidtainaga Tha 
vanluculai cathatar compnsat a multiplicity of mlat miciotu 
bulas Each miciotubula hat both a larga opanmgt at its inlet 
end and a multiplicitt *>' n c otcopic opanmgt along itt lataral 
turf teat Tha microtubules a>e paifotalad by an ion beam tputtai 
etch technique Tha holes are etched in miciotubule by duecting 
tn ion beam through an electio formed metal mash mask producing 
perforations NASA 
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59 mathematical and 

COMPUTER SCIENCES 
(GENERAL) 


NI1-PS7S2*f National Aaronautica and Spaca Admmntraiion 
Lawn Raaaarch Cantor. Cleveland. Ohio 

APPLICATION OP COMPUTER OINIRATIO COLOR 
GRAPHIC TECHNIQUES TO THC PROCESSING AND 
DISPLAY OP THRU DIMENSIONAL PLUIO DYNAMIC 
DATA 

Bamhard M Andnmon. C W Putt, and C C Giamati 1SS1 
16 p rats Preien'ra at Winter Ann Meeting of the AM Soc 
of Mach Engt. Wr*f. ngton DC. 16-20 Nov 1SS1 
(NASA TM -82868 l 8281 Avail NT1S HC A02/MF A01 CSCL 
200 

Color coding tachmtyuaa uaad m the proceaamg of ram ota 
tonamg imagery ware adapted and applied to the fluid dynamics 
problems aeaocieted with turtoofan miser noulee The computer 
oMiAfstAd color ortohin u gan found to bs ussful m rarfinatfiiftinn 

aWtr* ^6P™ia aawra twvtli IW IM t^^altil hi IMAPMII tAillil^p 

the measured flow field from low reeolution aapenmentel data 
to gnra more physical mea n ing to tfua information and m leaning 
and interpreting the large volume of computer generated data 
from the three dimeneanal vtecous computer code ueed m the 
snalycis M G 
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61 COMPUTER PROGRAMMING 
AND SOFTWARE 

Include* compute' program* 'Outm#* and algorithms 


MMIM'I National Aeronautic* and Spec* Administration 
Law* Research Carrier Cleveland Ohio 

KONFIO AND RIKONPIO: TWO I NTT FACT) VI PM I* AO 
CIMINO TO TNI NAVT/NASA INOINI PA 00 NAM 
INMPI 

Lawrence M Fishbech May IMI 69 p 

INASA TM-92P*? E 999) Avail NTIS HC A04/MF AO I CSCL 

099 

The NNIP * a computer program :tiet ie currently being 
used to aimulate the thermodynamic cycle performance of almost 
all typo* of turbine angina* by many government industry and 
university personnel The NNEP use* array* of input data to act 
up the engine simulation and component matching method aa 
we* aa to deaenbe the cheractensti?* of the components A 
preprocessing program IKONFIG) * dea cn bsd m which the user 
at a terminal on a time shared computer can interactively prepare 
the array* of data required It m intended to make it easier lor 
the occasion*' m new user to operate NNIP Another p reprocess 
mg program IREKONFIGI m which the user can modify the 
component specific at ion* of a previously configured NNFP deteeet 
i* also described It la intended to aid m preparing data lor 
parametric studies and/or studies of similar engine* such a mined 
flow turbofan*, turboahaft*. ate E 0 K 


N91 -M9I*# National Aeronautic* and Space Administration 
Lewis Research Canter. Cleveland Ohio 

COMPUTER PNOQRAM FOR PULSED THERMOCOUPLES 
WITH CONNECTIONS FON RADIATION EFFECTS 

Herbert A Will Sep 1991 42 p ref* 

(NASA TP 1895 E 616) Avail NTIS HC A03/MF A01 CSCL 

096 

A pulsed thermocouple was used lor maasu'ing gas tempera- 
ture* above the malting point of common thermocouples This 
was don* by allowing th* thermocouple to hast until it approaches 
its malting pom> and than turning oc the protective cooling gas 
This method required a computer to eatrapolst* th* thermocouple 
data to th* higher gas temperatures A method that includes 
th* effect of radiation m the estrapoistion is described Cor puta- 
tions of gas temperature ar* provided along with the estimate 
of th* final thermocouple wire temperature Result* from tests 
on high temperature combustor research rigs are presented 

RCT 
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62 COMPUTER SYSTEMS 

Includes computer networks 


N91-21903*f National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio 

AN APPROACH TO REAL-TIME SIMULATION USING 
PARALLEL PROCESSING 

Richard A Butch and Dale J Arpasi 1981 9p rets Proposed 
tor prosente-' m at the 1981 Summer Computer Simulation Con.' 
Washington uC. 15-17 Jul 1981 sponsored by ISA and the 
Soc tor Computer Simulation 

(NASA TM -8 1731 E -787) Avail NTIS HC A02/MF A01 CSCL 

098 

A preliminary simulator design that uses a oaralle! computer 
organisation to provide accuracy portability and low coat is 
presented The hardware and software tor this prototype simulator 
are discu ss ed A detailed discussion of the inter -computer data 
transfer mechanism is also presented M G 


A81 44652 * » An approach to real-time simulation using 
parallel processing. R A. Bitch and D J Arpasi (NASA. Lewis 
Research Center, Cleveland. OH). Instrument Society of America and 
Society for Computer Simulation. Summer Computer Simulation 
Conference l/Vasn mgton . DC. July 15-17. 1981. Paper 7 p. 13 refs. 

Current applications of real time simulations to the development 
of complex aircraft propulsion system conti ols have demonstrated 
the need for accurate, portable, and low cost simulators This paper 
presen*- a preliminary simulator design that uses a parallel computer 
organisation to provide these features The hardware and software 
tor this prototype simulator are discussed. A detailed discussion of 
the inter computer data transfer mechanism is also presentee. 

(Author) 
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64 numerical analysis 

Includes iteration difference equation* and numerical 
approximation 


Nil 14696*1 National Aeronautics and Soaca Administration 
lewis Research Cental Cleveland Otuo 

AN ELECTROSTATIC ANALOG FOR GENERATING CAS 
CADE GRIDS 

John Jay Adamrtyk In NASA Langley Research Center 
Numerical Grid Generation I960 p 129 142 (For pnmary 
document see N8I 14690 05 641 
Avail NTIS HC A24/MF AOI CSCL I2A 

Accurate and ettioent numerical simulation ol Hows thiough 
turbo machinery blade rows depends on the topology ol the 
computational grids These grids must reflect the periodic nature 
ol tutbomachinery Made row geometries and conform to the 
Made shapes Three types ol grids can be generated that meet 
these minimal requirement* through flow grids 0 type grids 
and C type grids A procedure which can be used to generate 
all three types ol grids is piesented The resulting grids are 
orthogonal and can be stretched to capture the essential physics 
ol the flow A d*si ussion is also piesented detailing the estension 
ol the geneiation procedure to three dimensional geometries 

Autnor 


A81 14999 * * backward deletion to minimus prediction 
errors in model i Irom factorial tapenmentt with taro to sis center 
points A G Holms (NASA. Lewis Research Center. Cleveland. 
Ohio) Amtncsn StAtntnsI Amxmtnvt Amuisl Meeting. 140th 
Moulton. Ten . Aug II 14. 1930. Pen** - 6' p. 24 refs 

Population model roatticiei ere chosen to simulate a 
saturated 2 to the 4th tised effects experiment having an unfavorable 
distribution ol relative values Using landom number studies, 
deletion strategies were compared that were based on the F 
distribution, on an order statistics distribution ol Cochran's, and on a 
combination ol the two The strategies were compa'ed undei the 
criterion ol minim /mg the maximum prediction ei.m, wherevei it 
occurred, amonq the two level factorial points The shategies weie 
evaluated loi each ol the conditions ol 0. 1. 2. 3. 4. 5, or 6 canter 
points. Three classes ol strategies weie identified as being app'opn 
ate, detrending on the extent ot the experimenter’s prior knowledge 
In almost every case the best stiategy was found to be unique 
according to the numher ol center points Among the Ihtee classes ot 
strategies, a security regie! class ot strategy was demonstrated as 
being widely useful m that over a rang* ot coefficients ot variation 
trom 4 to 65%. the maximum predictive error was never increased by 
mote than 12% over what it would have been it the (rest strategy hast 
heen used tor the particular coefficient ot variation The lelative 
efficiency ot the txpei intent, when using the security legret strategy, 
was examined as a function ot the number ol center points, anil was 
found to be best when the design used one center point (Authoi) 


Nil 14706** National Aeronautics and Space Administration 
lewis Research Canter Cleveland Ohio 

FAST GENERATION OF SODV CONFORMING GRIDS FOR 
3-D 

0|Oid|i Dulikiavich In NASA Langley Research Canter Numerical 
Grid Gerraiation Tech I960 p 241 252 lets IFor primary 
document see N81 14690 05 641 
Avail NTIS HC A24/MF A01 CSCL I2A 

A last algorithm was developed lor accurately generating 
boundary conforming ttnee dimensional consecutively refined 
computational grids applicaNe to arMtrary axial tutbomachinery 
geo-- .<rtry The method is based on using a single analytic function 
to geneiate two dimensional grids on a number of coaxial 
aiisymmetix' surfaces positioned between the hub and the shroud 
These grids are ot the 0 type and are characterised by 
quasi orthogonality geometric periodicity and an adequate 
resolution throughout the flowfield Due to the built in additional 
nonorthogonal coordinate stretching and sheanng the grid lines 
leaving the trailing of the Made end at downstream infinity 
thus simplifying the numerical treatment of the three dimensional 
nailing vorlas sheet Authoi 


Nil-14721*# National Aaroneutics and Space Adminiatratron 
Lewis Reaearch Center Cleveland Ohio 

GENERATION OF C-TVRE CASCADE GRIDS FOR VISCOUS 
FLOW COMPUTATION 

Pater M Sockol In NASA Langley Research Center Numerical 
Grid Generation Tech 1980 p 437 448 refs (For primary 
document see Nil 14690 06 641 
Avail NTIS HC A24/MF AOI CSCL 12A 

A rapid procedure for generating C type cascade grids suitable 
for - iscoua flow compulations in tutbomachinery Made row* is 
presented The resulting mesh is periodic from one Made passage 
to the nest nearly orthogonal and continuous across the weka 
downstream of a Mad* The procedure emp’oya a pan of conformal 
mappings that taka the extenor of the cascade into the interior 
of an infinite strip with curved boundaries The final transformation 
to a rectangular computational domain is accomplished numsri 
rally The boundary values are obtained from a panel solution 
of an integral equation and the intenur values by a rapid ADI 
solution of Laplace s aquation Example* ot C-type grids are 
presented for both compressor and turbine blades and the 
extension of th* procedure to three dimensions is briefly 
outlined M G 
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65 STATISTICS AND PROBABILITY 

Includas dal* sampling and smoothing Mon Is Carlo 
mathod and stochastic piocassas 


Nil 1077S*f National Aaronautics and Spaca Administration 
lawns Hssaarch Cantsr Clavoland Ohio 

BACKWARD DlllTION TO MINIMIZE PREDICTION 
■ RROR8 IN MOOELS FROM FACTORIAL (XFE RIME NTS 
WITH ZERO TO BIX CENTER FOINT8 

Anhui G Holms 14 Aug 1M0 63 p rats Piaaantad at ths 
140V- Annual Masting of tha Am Statist Assoc Houston Tasas 
11 14 Aug 1960 

t»ASA TM 81624 t 476) Await NTIS ►SC A04/MI A01 CSCl 

i ZA 

Population modal coafhcianta wa.a choson to simulala a 
saturatad 2 to tha fourth powrsi lisad altacts aspanmant having 
an unfavoiabla distribution ol ratatrva valuas Using random 
numbar aludias datatron stiatagias wrara comparad that wars 
baaad on tha I distribution on an ordar statistics distribution of 
Cochran s and on a combination ol tha two Rasutts of tha 
comparisons and a lacommandad stratagy aia giwan Author 


70PHYSICS (GENERAL) 

For geophyiic* ih 46 Gtophynci Foi aatrophyiic* 
sea 90 Attropfirtics Foi solai physics 92 Sola/ phvsict 


Ml 1M17*| National Aeronautics and Spaca Admmialiation 
Lewis Research Cantai Cleveland Ohio 

THEORETICAL MODEL APPLICABLE TO THE EXPERIMEN- 
TAL DETERMINATION OR SURFACE ANCHORING 
ENERGIES OR NEMATIC UOUIO CRYSTALS MS That* 

Edwin G Wmtucky Nov I960 34 p rat* 

(NASA TM 81628 E 6371 Avail NTIS HC A03/MF A01 CSCL 
206 

Foi a call confutation conaiatmg of a thin nematic layat 
boundad by two parallel plana surfaces with opposing aurfacaa 
suitably traatad to ptoduca diaaimilar molecular orientations tha 
alaatic continuum theory for namatic liquid cryatala waa appliad 
to danva an aiptatiion lalatmg aurfaca anchoring anargiaa to 
alaatic conatants diractoi onantationa at tha tubatrata aurfacaa 
and call thickness A numancal comparison with tha alastically 
isotropic raault ovat a ranga K aub 3 * 1 5 K aub 1 to K aub 
3 - 10 K aub 1 » how ad tha affact of alaatic amaotropy could 
bo quita significant Surfaca anchoring anargiaa calculated for 
anisotropic of K aub 3 • 2 K aub 1 and K aub 3 * 10 K aub 
1 wars approximately 50% and 600%. reapactivaly than tha 
isotropic values Author 
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71 ACOUSTICS 

Includes sound generation transmission and attenua 

non 

Foi noise pollution see 45 Environment Pollution 


NB1 10607*# National Aeronautics and Space Adminstration 
Lewis Research Center. Cleveland Ohio 
NEW INTERPRETATIONS OP SHOCK ASSOCIATED NOISE 
WITH AND WITHOUT SCREECH 

U vonGlahn 21 Nov 1980 25 p refs To be presented at 
the 100th Meeting of the ASA Los Angeles 17-21 Nov 1980 
(NASA TM 81590 E 5691 Avail NTIS HC A02/MF A01 CSCL 
20A 

Anomalous trends in present convergent norrle (Mach 1) 
shock associated noise analyses and predictions, with particulai 
emphasis on the roles of screech and iet temperature are 
discussed Experimentally measured values of shock associated 
noise are used to reassess data trends including both frequen 
cy and sound ptessure level The data used includes model scale 
nonles varying in nominal diamster from 5 cm to 13 cm and 
full scale engine norrles up to 48 cm All data weie obtained 
at static conditions From this reassessment o* the measured 
data new empirical methods for the prediction of shock associated 
noise are developed Separate procedures are presented foi 
screech free end screech contaminated shock associated noise 
In the present approach shock associated noise spectia are 
developed from considerations that include the peak sound 
pressure level and its frequency the low frequency sound pressure 
level slope and the high frequency sound pressure level slope 
or roll off the latter is shown to vary with directivity angle 

Author 


N81-1 1768*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland. Ohio Fluid Mechanics and 
Acoustics Orv 

CORE NOISE MEASUREMENTS FROM A SMALL. GENERAL 
AVIATION TURBOFAN ENGINE 

Meyer Reshotko and Allen Karchmer 2 1 Nov 1 980 28 p 

refs Presented at the 100th Meeting of the Acoust Soc of 
Am Los Angeles 17 21 Nov 1980 

(NASA TM 81610 E 6071 Avail NTIS HC A03/MF A01 CSCL 
20A 

As part n* a program to investigate combustor and other 
core noises, simultaneous measu'ements of internal fluctuating 
pressure and far field noise were made with a JT15D turbofan 
engine Acoustic waveguide prooes located in the engine at the 
combustor at the turbine exit and in the core norrle well were 
used to measure mternal fluctuating pressures Low frequency 
acoustic power determined at the core norite exit corresponds 
tn level to the far field ecoustic power at engine speet.r below 
65% of maximum the approach condition At engine speeds 
above 65% of maximum the jet noise dominates in the far 
field greatly exceeding that of the core From coherence 
maesurements it is shown that the combustor is the dominant 
source of the low frequency core noise The results obtained 
from the JT15D engine were compered with those obtained 
previously from a YF102 engine both engines having reverse 
flow annular combustors and being in the same sire class 

Author 


Nri-11770*(|l National Aeronautics and Space Administration 
Lewis Research Center Oevel-nd Ohio 

EFFECT OF A SEMI ANNULAR THERMAL ACOUSTIC 
SHIELD ON JET EXHAUST NOISE 

J Goodykoontr 71 Nov 1980 21 p refs Presented at the 
100th Meeting of the Acoust Soc of Am Los Angeles 
17 21 Nov 1980 

(NASA TM 81615 E 6161 Avert NTIS HC A02/MF A01 CSCL 
?0A 

Reductions in tet exhaust noise obtained by the use of en 
annulet thermal acoustic shield consisting cf a high temperature 
low velocity gas stream surrounding a high velocity centiel tet 
uxheust appear to be limned by multiple reflections The effect 
of a semi annular shield or. tet exhaust noise was mvestigted 
with the rationale that such a configuration would eliminate or 
reduce the multiple reflection mechanism Noise measurements 


for a 10 cm conical norrle w*th a semi annular acoustic shield 
are presented in terms of lossless free field data at various 
angular locations with respect to the norrle Measurements were 
made on both the shielded and unshielded sides of the norrle 
The results are presented parametrically showing the effects of 
various shield and central systsm velocities and temperatures 
Selected results are scaled up to a typical full scale engine sire 
to determine the perceived noise level reductions A R H 


N81-12821*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 

ACOUSTIC TRANSMISSION MATRIX OF A VARIABLE 
AREA DUCT OR NOZZLE CARRYING A COMPRESSIBLE 
SUBSONIC FLOW 

J H Miles 1980 39 p refs Presented at the One Hundredth 
Meeting of the Acoust Soc of Am Los Angeles 17 21 Nov 
'980 

(NASA TM 81614 E 6131 Avail NTIS HC A0S/MF A01 CSCL 
20A 

The differential equations governing the propagation of sound 
m a variable area duct or norrle carrying a one dimensional 
subsonic compressible fluid flow are derived and put in state 
variable form using acoustic pressure and particle velocity as 
the state variable* The duct or norrle is divided into a numbs* 
of regions The region sue is selected so that in each region 
the Mach number can be assumed const'.nt and the area variation 
can be approximated by an exponential area variation Conse 
quently the state variable equation in each region has constant 
coefficients The transmission matrix for each region is obtained 
by solving the constant coefficient acoustic state variable 
differential equation The transmission matrix for the duct or 
norrle is the product of the md.vidual transmission matrices of 
each region Solutions ara presented for several geometries with 
and without maan flow J M S 


NS1-187S8*# National Aeronautics and Space Administration 
Lewis Research Cents' Qevelend Ohio 

ANALYSIS OF PRESSURE SPECTRA MEASUREMENTS IN 
A DUCTED COMBUSTION SYSTEM Ph.C. Thesis • Toledo 
Urtfv 

Jeffrey Hilton Miles Nov 1980 138 p refs 

(NASA TM 81583 E 5581 Avail NTIS HC A07/MF A01 CSCL 

20A 

Combustion noise props gat.on in an operating ducted liquid 
fuel combustion system is studied in relation to the development 
of combustion noise prediction and suppression techniques The 
presence of combustor emulsions in the duct is propoaed aa the 
primary mechanism producing the attenuation end dispersion of 
combustion noise propagating m an operating liquid fuel 
combustion system First a complex mathematical model for 
calculating attenuation and dispersion taking into account mass 
transfer heat transfer and viscosity effects due to the presence 
of liquid fuel droplets or solid voot particles is discussed Next 
a simpler single parameter model for calculating pressure 
auto spectra and cross spectra which takes into account 
dispersion and attenuatio.i due to heat transfer between solid 
soot particles and air is developed Then auto spectra and 
cross spectra obtained from mternal pressure measurements in 
a combustion sys.nm consisting of a J 47 combustor can. a 
spool piece and a icng duct are presented Last analytical results 
obtained with the s.ngle parameter modal ara compered with 
the experimental measurements The smgie parameter model 
results are shown to be in excellent agreemtnt with the 
measurements J M S 


Nil 1S87>*| National Aeronautics and Space Administration 
Lowis Research Center Qevelend Ohio 
ON THE PROPAGATION OF LONG WAVES IN ACOUSTI- 
CALLY TREATED. CURVED DUCTS 

V Roetafmski 1881 21 p refs Proposed for presentation at 
101st Meeting of the Acoust Soc of Am Ottawa 18-22 May 

1881 

(NASA TM 81712 E 7451 Avail NTIS HC A02/MF A01 CSCL 
20A 

A two dimensional study is presented on the behavior of 
long waves m lined curved ducts The enatysia includes a 
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comparison between lbs propagation m curvad and insight tmad 
ducts A parametric study was oonductsd ovar a ranga of wall 
admittanca and duct will saparation Tbs complex siganvaluat 
of tha characteristic equation. which in ths caaa of a curvad 
duct ara also tha angular wavanumbars. wara obtsmad by 
successive approximations Author 


N81-20S31*f National Aaronautics and Spaca Administration 
Lawis Raaaarch Cantor. Cleveland Ohio 

HIGH-FREQUENCY SOUND PROPAGATION IN A SPATIAL- 
LY VARYING MEAN FLOW 

Y C Cho and i J Rica 1BS0 29 p rofs Prassntad at tha 
100th Maatmg of ASA. Los Angslss. 17-21 Nov i960 
(NASA TM 81751. E-797) Avail NTIS HC A03/MF A01 CSCL 
20 ft 

An aquation for acoustic ray paths m a spatiaSy varying 
moan flow was siaminsd to dstarmma soma of tha charsctsnstics 
of tha flow gradient offsets on sound propagation In a potential 
flow, ths acoustic rays ara daflectad in tha direction of increas i ng 
mean flow, and tha gradient of tha mean flow spaad is the 
dominant factor causing tha ray deflection In contrast, in a 
sheared mean flow, tha vorticity is tha dominant factor m deflection 
of tha acoustic rays Author 


N81-2SS44*# National Aaronautics and Spaca Administration 
Lewis Research Canter. Cleveland Ohio 

NEW TECHNIQUE FOR THE DIRECT MEASUREMENT OF 
CORE NOISE FROM AIRCRAFT ENGINES 

Eugene A Kreisa 1981 25 p refs Presented at the 17th 

Joint Propulsion Coni. Colorado Springs. 27-29 Jul 1981 
cosponsored by the AIAA. SAE. and ASME 
(NASA TM 82634 E 8591 Avail NTIS HC A02/MF A01 CSCL 
The core noise levels from has turbine aircraft engines were 
measured using a technique which requires that fluctuating 
pressures be measured in the far field and at two locations 
within the engine core The cross spectra of these measurements 
are used to determine the levels of the far-held noise that 
propagated from the eng-ne vore The technique makes it possible 
to measure core noise levels even when other noise sources 
dominate The technique was applied to signals measured from 
an Avco Lycoming YF102 turbofan engine Core noise levels as 
a function of frequency and radiation angle ware measured and 
are presented over a range of power settings A R H 


N81-2SB22*# National Aarotautics end Spaca Administration 
Lewie Research Canter. Cleveiend. Ohio 

COMPARISON OF PREDICTED ENGINE CORE NOISE WITH 
CURRENT AND PROPOSED AIRCRAFT NOISE CERTIFICA- 
TION REQUIREMENTS 

Ihve H vonGlahn and Donald E Groesbeck 1SS1 18 p refs 
Presented at tha Seventh Aeroecouetic Conf . Pt'o Alto. Cairf , 
8-7 Oct 1981. sponsored by AIAA 

(NASA-TM-82669. E-927) Avail NTIS HC A02/MF A01 CSCL 
20A 

Predicted engine core noise levels are compared with 
measured total aircraft noise levels end with current and proposed 
federal noiee certification requirements Companions ara made 
at tha FAR-38 meaeunng stations and include conaidarstion of 
both full- and cutback-power operation at takeoff In general 
core noise provides e barrier to achieving proposed EPA stage 
5 none levels for all types of aircraft More specifically, core 
noise levels will hrrwt further reductions m aircraft noise levels 
for current widebody commercial aircraft Author 


N91 -30808*1 National Aeronautics and Spaca Administration 
Lewis Research Canter Cleveland Ohio 

INFLUENCE OF EXIT IMPEDANCE ON FINITE DIFFERENCE 
SOLUTIONS OF TRANSIENT ACOUSTIC MODE PROPAGA- 
TION IN DUCTS 

K J Baumeister 1981 18 p refs Proposed for presentation 

at the Winter Ann Meeting of the ASME Washington D C . 
15 20 Nov 1981 


(NASA-TM-S2686. E 940) Avert NTIS HC A02/MF A01 CSCL 
20A 

Tha time-dapendent governing acoustic-difference equations 
and boundary conditions ara developed and solved for sound 
propagation in an sxisymmetnc (cylindrical) hard-wall duct without 
flow and with spinning acoustic modes Tha analysis begins with 
a harmonic sound source radiating into a quiescent duct This 
explicit iteration method than calculates stepwise m real lima 
to obtain tha steady solutions of tha acoustic field Tha 
transient method did not converge to tha steady-state solution 
for cutoff acoustic duct modes This has implications as to its 
use m a variable-area duct, where modes may become cutoff in 
tha smal-araa portion of tha duct For single cutoff mode 
propagation the steady-state impedance boundary condition 
produced acoustic reflections during the initial transient that 
caused finite instabilities m tha numerical calculations The stability 
problem * resolved by reformulating tha exit boundary condition 
Example calculations show good agreement with exact analyti- 
cal and numerical results for forcing frequencies above, below, 
and nearly at the cutoff frequency Author 


NS1 -30S0S*| National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 

NOTE ON REFLECTION AND TRANSMISSION COEF- 
FICIENTS FOR CONVERGING DIVERGING DUCTS 
Paul A Durbin Sap 1981 10 p refs 

INASA-TM-82679. E 964) Avail NTIS HC A02/MF A01 CSCL 
20A 

Simple formulas for calculating acoustic reflection and 
transmission coefficients for converging-diverging ducts are 
derived, they extend the method of Cho and Ingard to arbitrary, 
slowly varying ducts These formulas involve two parameters 
Tha first is a function of duct shape and the second is the ratio 
of tha duct radius downstream of tha throat to that upstream 
of the throat to tha upstream of the throat An extension of the 
method to include mean flow is made for symmetric ducts M G 


NS 1-30807* 4 National Aaronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 
CONDITIONED PRESSURE SPECTRA AND COHERENCE 
MEASUREMENTS IN THE CORE OF A TURBOFAN 
ENGINE 

Allan Karchmer 1981 10 p refs Presented at 7th Aeroeiastic 
Conf. Paio Alto. Calif. 5-7 Oct 1981. sponsored by AIAA 
(NASA-TM 82688. E-970 AIAA Paper 81 2052) Avail NTIS 
HC A02/MF A01 CSCL 20A 

Multiple and partial coherence (unctions and the corresponding 
conditioned coherent output spectra ara computed between 
fluctuating pressures measured al two locations within tha tailpipe 
of a turbofan engine and tar -field acoustic pressure The results 
are compared with the ordinary coherent output spectrum as 
obtained between a single tailpipe pressure measurement and 
tha far-held acoustic pressure Ths comparison indicates apparent 
additional coherent output' lie., core nous) beyond that 
detectable with an ordinary coherent measurement, thus 
suggesting tha tailpipe as a core-noise source region Further 
evidence suggests, however that those differences may be 
atti.Sjtod to tha presence of transverse acoustic modes in the 
tailpipe end that tha tailpipe is not. m fact a significant source 
region Author 


N81-3189S*| National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 
EFFECTS OF BLADE-VANE RATIO AND ROTOR-STATOR 
8FACIN0 OF FAN NOISE WITH FORWARD VELOCITY 

flichard P Woodward and Frederick W Glaser Aug 1981 

2 1 p reft Presented at the 7th Aeroecouetic Conf Palo Alto. 

Calif 5-7 Oct 1981 sponsored by AIAA 

(NASA TM 82690 E-971) Avail NTIS HC A02/MF A01 CSCL 

20A 

A research fan stage wee acoustically tasted in an enaction 
wind tunnel with a 41 m/sac tunnel flow Two stator vane 
numbers gtvmg cut-on end cut-off conditions ware tasted at 
three rotor-stator spaemgs ranging from about 0 5 to 2 0 rotor 
chords These two stators wore designed for similar aerodynamic 
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performance Hoi film anemometer turbulence measurement* 
war* m«d« at tha laadtog edge of tha itator for aach epecing 
Tha cut-off criterion atrongly c^ntioilad the fundamental ton* 
level at all (pacing* Tha trend* with (pacing of tha wak* defect 
upwath component at the (tator tip thowad good agraamant 
with tha corresponding cut-on acoustic ton* I aval* Author 


NS1-S1M7*| National Aeronautic* and Space Admimttration 
Lewi* Raaaarch Canter. Ctav aland Ohio 
TURROMACHINERV NOIM STUDIES 07 THE AIM- 
MARCH OCOAT INOINE WITH INFLOW CONTROL 
J G McArdla L Homyak. and D 0 Chrulski I Ell 26 p 
raf* Praaontad at tha 7th Aaroacouatic Coni Palo Alto Calif 
6-7 Oct 1661. aponaorad by AIAA 

(NASA TM-826S4 E 977) Avail NTIS HC A03/MF AOt -SCL 
20A 

The AiRataarch Quiet Clean General Aviation Tud-ulan angina 
wet tailed on an outdoor ta*t *und to comp*r , th* acouitic 
partormanca of two inflow control dome** (ICO *1 of timilar design 
and three inlet lip* of different external map* Only *mall 
partormanca difference* war* found Far-field directivity pattern* 
calculated by applicable a meting analyse* war* compared with 
th* maaauiad ton* and broadband pattern* For torn* of that* 
companaon*. teat* war* mad* with *n ICO to '*duc* rotoi/mflow 
diaturbanca interaction non* or with tha at ouatic suppression 
pan*)* in tha inlet or bypa** duct covered w th aluminum up* 
to determine hard wall ecou*tic perform* ncr Th* comparisons 
•howad that th* analytical axpratiion* used predict many 
directivity pattern feature* and trend*, but can deviate in *hape 
from th* maaturad pattern* under certain angina operating 
condition* Soma pattern* * how ad k>b*t from mod** attributable 
to rotor/ angina ttrut interaction sources Author 


N81 -12664*| National Aeronautic* and Space Administration 
Lawn Research Cantor. Cleveland Ohio 

AN IMPROVED PREDICTION METHOD FOR NOISE 
GENERATED IV CONVENTIONAL PROFILE COAXIAL 
JET8 

Jamas R Slone Donald E Gioasbeck and Charles L Zola 1981 
32 p rafs Presented at Seventh Aeroacoustics Conf Palo 
Alto. Calif 5-7 Oct 1981 sponsored by AIAA 
(NASA TM-82712 E 994 AIAA Paper 81 19911 Avail NTIS 
HC A03/MF A01 CSCl 20A 

A semiempincal model for predicting the noise generated 
by conventional velocity profile tets exhausting from coaxial nozzles 
is presented and compared with small seal* static and simulated 
flight data Improvements to the basic circular iet noise prediction 
are developed which improve the accuracy especially at high 
tat velocity and near th* i*t axis R C T 


NS1 «2866*| National Aeronautics and Space Admimst. ation 
Lewis Research Center Cleveland Ohio 
A MODEL FOR THE ACOUSTIC IMPEDANCE OF UNEAR 
SUPPRESSOR MATERIALS SONDED ON PERFORATED 
PLATE 

Edward J Rice 1981 21 p refs Presented at Seventh Acoustic 
Conf Palo Alto Calif 5 7 Oct 1981 sponsored by AIAA 
INASA TM 82716 E 1014 AIAA 81 <9991 Avail NTIS HC 
A02/MF A01 CSCL 20A 

An analytical modal is presented which describes the 
imped* nc* of a lineai suppressor maunal such as a fin* wire 
screen bonded to a perforated plat* This type of acoustic lining 
malarial has coma into us* in piac* of perforated plate* because 
of its nominal linear properties The model also describes the 
lir-ear and nonlinear resistance of the screen and of the screen 
perforated plat* composite Th* effect of the perforated plate 
bonded to tha screen is derived from basic hydrodynamic 
principles Although a fin* screen is much moi* linear and thus 
less amplitude sensitive than a perforated plat* without grazing 
flow some nonlinearity will always exist for any screen The 
nonlinearity m the screen resistance is shown to depend on the 
square of th* screen wire diameter When th* screen is bonded 
to a perforated plat* th* lineai resistance in increased as the 
inverse of th* perforated open area as expected When the 


resistance is considered as a function of approach velocity th* 
screen nonlinear term is increased as th* inverse of th* square 
of the perforated open area ratio R C T 


NS1 -32668*1 National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

ACOUSTIC PERFORMANCE OF INLET SUPPRESSORS ON 
AN ENGINE GENERATING A SINGLE MODE 

L J Heidelberg E J Rice and L Homyak 1981 24 p refs 
Presented at th* 7th Aaroacoustics Conf Palo Alto Calif 
5 7 Oct 1981 sponsored by AIAA 

INASA TM 82697 E 980 AIAA Paper 81 19651 Avail NTIS 
HC A02/MF A01 CSCL 20A 

Three single degree of freedom liners with different open 
area ratio face sheets were designed foi a single spinning mode 
in order to evaluate an inlet suppressor design method based 
on mode cutoff ratio This mod* was generated by placing 4 1 rods 
in front of th* 28 blade fan of a JT15D turbofan engine At th* 
liner design this near cutoff mode has a theoretical maximum 
attenuation of nearly 200 dB per L/D The data show even 
higher attenuations at the design condition than piedicted by 
the theory for dissipation ol a single mod* within the liner This 
additional attenuation is large lor high open ares ratios and 
should be accounted tor in th* theory Th* data show the additional 
attenuation to be inversely proportional to acoustic resistance It 
was thought that the additional attenuation could be caused by 
isflaction and modal scattering at the hard to soft wall interface 
A reflection model was developed and then modified to fit the 
data This model was checked against independent (multiple 
pure tonel data with good agreement M G 


NS 1 33947*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

COMPUTER PROGRAM TO PREDICT AIRCRAFT NOISE 
LEVELS 

Bruce J Dark Sep 1981 146 p 

INASA TP 1913 E 733) Avail NTIS HC A07/MF A01 CSCL 
20A 

Methods developed at the NASA Lewis Research Centei 
for predicting the noise contributions fiom various aircraft noise 
sources ware programmed to predict aircraft noise levels either 
m flight or in ground tests The noise some** include fan inlet 
and exhaust i*t flap (for powered lift) core (combustor) turbine 
and airframe Noise propagation corrections are available for 
atmospheric attenuation ground reflections extra ground 
attenuation and shielding Outputs can include spectra overall 
sound pressure level perceived noise level tone weighted 
perceived noise level and affective perceived noise level at 
locations specified by the u**i Footprint contour coordinates 
and approximate footprint areas can also be calculated inputs 
and outputs can be in either System International or U S 
customary units Th* subroutines for each noise some* and 
propagation correction are described A complete listing is 
given A R H 


A6 121 120 • a Numerical techniques in lineer duct acoustics 
A status report. K J. Baumeister (NASA. Lewis Research Center. 
Cleveland. Ohio) American Society of Mechanical Engineer. Winter 
Annuel Meeting. Chicago. Ill . Nov 1621. 1980 Paper 80 WA /NC 2 
16 p 72 refs Members. $2 00 nonmembers. $4.00 

A review is presented covering both finite difference and finite 
element analysis of small ampr.-r-.-de (linear) sound propagation m 
straight and variable area due -x • th flow, as might be found in a 
typical turboiet engine duct, mufter. or industrial ventilation system 
Both steady state and transient theories are discussed emphasis is 
placed on the advantage! and limitations associated with the various 
numerical techniques Examples of practical problems are given for 
which the numerical techniques have been applied (Autnui I 
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A81 22533 * » Acoustic transmission matrix of a variable araa 
duct or nozzle carrying a compressible tubaonic flow. J. H Mi In 

(NASA. Lawn Research Center. Cleveland. Ohio). Acoustical Society 
ot America. Meeting. 100th. Lot Angela* Calif Nov 17 21. 1980 
Paper 37 p 30 refs 

The differential equations governing the propagation of sound in 
a variable aiea duct ot nozzle carrying a one dimensional subsonic 
compressible fluid flow are denved and put in state vanable form 
using acoustic pressure and particle velocity as the state variables 
The duct oi nozzle is divided into a numbei of legions. The region 
sire is selected so that in each region the Mach numbei can be 
assumed constant and the area variation can be approximated by an 
exponential area variation Consequently, the state variable equation 
in each region has constant coefficients The transmission matrix for 
each tegion is obtained by solving the constant coefficient acoustic 
state vanable differential equation The transmission matrix foi the 
duct oi norrle is the product of the individual transmission matrices 
of each region Solutions are piesented for several geometries with 
and without mean flow. (Author) 


A81 38060 • r On the propagation of long waves in acouiti 
caily traated, curved ducts. W. Rostafinski (NASA, Lewis Research 
Center. Cleveland, OH). Acoustical Society of America. Meeting. 
101st. Ottawa. Canada. May 18 22. 1981. Paper 19 p. 7 refs. 

A two-dimensional, detailed study is presented on the behavior 
of long waves in lined, curved ducts. The analysis includes a 
comparison between the propagation in curved and straight lined 
ducts. A parametric study was conducted over a range of wall 
admittance and duct wall separation. The complex eigenvalues of the 
characteristic equation, which in the case of a curved duct are also 
the angular wavenumbers, have been obtained by successive approxi- 
mations. (Author) 


A81-38061 • 0 A theoretical approach to sound propaga t ion 
and radiation for ducts with suppressors. E. J. Rice (NASA. Lewis 
Research Canter. Cleveland. OH) and 0. T. Sawdy (Boeing Military 
Airplane Co.. Wichita, KS). Acoustical Society of America. Meeting, 
101st. Ottawa. Canada. May 18-22. 1981. Paper. 42 p 50 refs. 

The several phenomena involved in theoretical prediction of the 
far -field sound radiation attenuation from an acoustically lined duct 
have been studied. These include absorption by the suppressor, 
termination reflection, and far field radiation. Extensive parametenc 
studies have shown that the suppressor absorption performance can 
be correlated with mode cut-off ratio or angle of propagation The 
other phenomena can be shown to depend explicitly upon mode 
cut-off ratio. A complete system can thus be generated which can be 
used to evaluate aircraft sound suppressors and which can be related 
to the sound source through the cut-off ratioecoustic power 
distribution. Although the method is most fully developed for inlet 
suppressors, several aft radiated noise phenomena will also be 
discussed This paper summarized this simplified suppressor design 
and evaluation method, presents the recent improvements in the 
technique and discusses areas where further refinement is necessary 
Noise suppressor data from engine experiments are compared with 
thr theoretical calculations. (Author) 


Af 138062 * a Companion of pradxrtad engine core noise 
with proposed FAA hel icopter noise oertrf icetxxn requirements. U 

von Glahn and D. Groesbe- - (NASA. Lewis Research Center. 
Cleveland. OH) Acoustical uiciety of America. Meeting. 101st. 
Ortawa. Canada. May 18-22 ■ 981. Paster. 17 p. 8 refs 

Calculated engine core noise levels, based on NASA Lewis 
prediction procedures, lor live representative helicopter engines are 
compared with measured total helicopter noise levels and proposed 
FAA helicopter noise certification requirements Comparisons are 
made for level flyover and approach procedures Tire measured noise 
levels are generally significantly greater than tho*e predicted for the 
core none levels, except for the Sikorsky S61 and S-64 helicopters 
However, the predicted engine core noise levels are generally at or 
within 3 dB of the proposed FAA noise rules. Consequently . 


helicopter engine core noise can be a significant contributor to the 
overall halicoptar noise signature and. at this time, will provide a 
limiting floor to a further decrease in future noise regulations. 

(Author) 

A81 -40962 * a New technique for the direct measurement of 
core noise from aircraft anginas. E. A. Krejsa (NASA. Lewis Research 
Canter. Fluid Mechanics and Acoustics Div.. Cleveland. OH). AIAA. 
SAC. and ASMS. Joint Propulsion Conference. 17th, Colorado 
Springs. CO. July 27 29. 1981. AIAA Paper 81 • 1587. 15 p. 19 raft 
A new technique it presented for directly measuring the core 
noise levels from gas turbine aircraft engines. The technique requires 
thet fluctuating pressures be measured in the fer-field and at two 
‘ocations within the engine core The cross-spectra of these measure- 
ments are used to determine the levels of the far-held noise that 
propagated from the engine core. The technique makes it possible to 
measure core noise levels even when other noise sources dominate 
The technique was applied to signals measuied from an AVCO 
Lycoming YF102 turbofan engine. Core noise levels as a function of 
frequency and radiation angle were measured and are presented over 
a range of power settings. (Author) 


A81 -48622 * a Application of ‘steady’ state finite element 
and transient finite difference theory to sound propagation in a 
variable duct A comparison with experiment. K. J. Baumeisler 

(NASA. Lewis Research Center. Cleveland. OH). W. Everyman. R J 
Astley (Missouri Rolla. University. Rolla, MO), and J. W White 
(Tennessee. University. Knoxville. TN) American Institute of Aero 
nautics and Astronautics Aeroacoustics Conference. 7th. Palo Alto. 
CA. Oct 5 7. 1981 Paper 81 2016 10 p 19 refs 

Experimental data are presented for sound propagation in a 
simulated infinite hard wall duct with a laige change in duct cross 
sectional arcs The data are conveniently tabulated for further use 
The steady state finite element theory of Astley and Everyman 
(1981) and the transient finite difference theory of White ( 1981 ) are 
in good agreement with the data for both the axial and transverse 
pressure profiles and the axial phase angle Therefore, numerical 
finite difference and finite element theoncs appear to be ideally 
suited for handling duct propagation problems which encounter large 
axial gradients in acoustic paiameters The measured energy retlec 
lion coefficient agiees with the values from the Astley Everyman 
modal coupling model. G.R 


V81-48639 * * Mixer nozzle aero acoustic characteristics for 

he energy efficient engine. P R Gliebe. G. T Sandusky (General 
Electric Co.. Aircraft Engine Group. Cincinnati. OH), and R 
Chamberlin (NASA. Lewis Research Center. Transport Propulsion 
Office. Cleveland. OH) American Institute of Aeronautics and 
Astronautics, Aeroacoustics Conference 7th. Palo Alto CA. Oct 
5 -7. 1981, Pa(>er 81 1994 lip NASA supported research 

Aeroacoustic tests are conducted on scale model mixer nozzle 
configurations, a separate flow nozzle, and a baseline conical nozzle 
in an anechoic chamber free jet facility to investigate exhaust system 
designs Far field acoustic data and exhaust ret plume aerodynamic 
data are obtained for various combinations of exhaust let velocity 
and simulated flight speed, with correcteo microphone data at a 
constant 12.2 m arc distance, and scaled acoustic data at a sideline 
distance of 457 m. It is found that let plume aerodynamic and 
acoustic characteristics of lobed mixer exhaust systems are similar to 
those of a conical nozzle operating at the samr specific thrust, 
althoutfi differences occur at high frequencies, where the sound 
pressure level of the mixer nozzle is 15 dB higher than that of a 
conic rl nozzle In addition, no direct correlation is found between 
exit plan- turbulence levels and plume development or acoustic 
characteristics for mixer exhaust configurations 0 L.G 
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AS 1 49913 * Hrgh-fraquency tound propagation in a spatial 

ly varying main (low. Y C Cho anil E J Rice (NASA. Lewis 
Research Cemtr. Cleveland. OHI Acoustical Society ol America, 
Journal, vol 70. Sept. 1981. p 860 86b 14 rels. 

An equation (or acoustic tav paths in a spatially varying mean 
Mow hat been examined to determine tome ot the chaiactenttict ol 
the (low gradient etlecti on tound piopagation. In a potential How 
the acoustic reyt are deflected in the direction ol increasing mean 
(low, and the gradient ot the mean How tpeed it the dominant tartoi 
causing the lay dellection. In contrast, in a sheared mean (low. the 
vorticitv n the dominant factor in deflection ot the acoustic rays 

lAuthorl 


A81 49741 * A modal lor the acoustic impedance ol linear 

suppressor materials bonded on perlorated plate. E J. Rice INASA 
Lewis Research Centei. Acoustics Section. Cleveland. OH) American 
Institute ol Aeronautics and Astronautics Aaroacoustics Conference 
7t h. Palo Alto. CA Oct 5 7. 1981 Paper 81 1999 21 p 12 rets 

An analytical model is developed tor the acoustic impedam ■ of 
a composite made ot a fine screen bonded to a perforated plate, the 
resistance having been modeled using steady flow theory and data, 
and including both linear and nonlinear components The model ot 
the screen resistance alone is derived first, and it is then extended to 
include a pei totaled plate bonded to the screen Quantities such as 
effective open ratio and pressure lecovety are evaluated Conclusions 
are presented, including (II when the screen is bonded to a 
perforated plate the linear resistance increases as the inverse of the 
perforate open area. 121 the nonlinearity in the screen resistance 
detrends on the square of the screen wire diameter, and (31 when the 
resistance is considered as a function of approach velocity, the scrten 
nonlinear term increases as the inverse of the square of the 
perforated plate open area ratio The general theory can be applied 
to any screen structure, but final results are limited to a twilled 
square weave screen Results can be applied to the study of sound 
absorbing materials used for lining the walls ol aircraft engine duct 
suppressors K.S. 


A81 49743 * » An improved prediction method (or node 
generated by conventional protile coaxial jett. J R Stone D E 
Groesbeck and C L Zola (NASA Lewis Research Center. Cleve 
land. OH) American Institute of Aeronautics and Astronautics. 
Aaroacoustics Conference 7th Palo Alto. CA. Oct 5 7. 1981. Paper 
81 1991 33 p 13 rels 

A semi empirical model for predicting the none generated by 
conventional velocity profile lets exhausting from coaxial nozzles is 
presented and compared with small scale static and simulated flight 
data The present method is an updated version of that part of the 
original NASA Aircaft Noise Prediction (ANOPI Program (19741 
relating to coaxial |et noise That method has been shown to agree 
reasonably well with model and full scale experimental data except 
at hiqh |et velocities in the legion near the |et axn Improvements to 
the banc circular let none prediction have been developed since that 
time which improve the accuracy especially at high |et velocity and 
near the let axts. and are incotpo. sled into the coaxial |et procedure 
in this passer The new procedure is more theoretically based and has 
also been impioved by some empirical adjustments (Author) 


N91 16749*# Pratt and Whitney Aircraft Group East Hartford 
Conn Commercial Products Dry 

IMPROVED METHODS FOR FAN SOUND FIELD DETER 
MINATION 

D E Crcon T G Sotrm and D C Mathews Jan 1981 ISO p 
■afs 

I Contract NASS 213911 

INASA CR 16S1B8 PWA 5636 431 Avail NTIS 

HC A 09/ MF A01 CSCL 20A 

Several inethods for determining acoustic mods s»uctura in 
aircraft turbofan engines using wall microphone data were studied 
A method for reducmg data was devised and implemented which 
makes the definition of discrete coherent sound fields measured 
m the presence of engine speed fluctuation mors accurate For 
the analytical methods algorithms were developed to define the 


dominant circumferential modes from lull and partial circumferen- 
tial array* of microphones Axial arrays were explored to define 
mode structure as a function of cutoff ratio and the use of 
data taken at several constant speeds was also evaluated m an 
attempt to reduce instrumentation requirements Sensitivities of 
the venous method* to microphone density, array ana end 
mea s urement error were evaluated and results of these studies 
showed these new method* to be impractical The data reduction 
method used to reduce the affects of angina speed variation 
consisted of an elec t ronic circuit which windowed the data so 
that .gnei enhancement could occur only when the spaed was 
within a narrow range T M 


Ml- 178M*| General Electric Co. Cincinnati. Ohio Aircraft 
Engine Bmneii Group 

AEROOVNAMIC/ACOUmC PERFORMANCE OP VJ101/ 
DOUBLE BYPASS VCE WITH COANNULAR PLUO NOZZLE 
Final Report 

John W Vdovtak. Paul R Knott, and Jon J E backer Jan 
1881 307 p raft 
(Contract NAS3-208B2) 

(NASA CR 169889. R80AEG369) Avsd NTIS 

HC A14/MF A01 CSCL 20A 

Results of a forward Variable Area Bypass Injector last and 
a Coannuiar Noa/ta last performed on a YJ101 Double Bypass 
Variable Cycle Engine are reported These components are 
intended lor use on a Venable Cycle Engine The forward Vanebls 
Area Bypass Injector test demonstrated the mods shifting 
capability between single and double bypass operation with lea* 
than predicted aerodynamic losses n the bypass duct The acoustic 
nouta tael demonstrated that coannuiar now* suppression was 
between 4 and 8 PNdB in the aft quadrant The YJ101 VCE 
equipped with the forward VA8I and the coannuiar exhaust noute 
performed a* predicted with exhaust system aerodynamic losses 
lower than predicted both m single and doubt* bypass mads* 
Extensive acoustic data war* collected including far held, near 
field, sound separation/ internal probe measurements as Laser 
Vaiocimeter traverses Author 


A8 1-28943 * An experimental study of trantmiaion. ref lac 

bon and scattering of sound in a fra* jet flight simulation facility and 
comparison with theory K K Ahu|a. H K Tanna. and B J. Tester 

(Lockheed Georgia Co . Marietta. Ga l Journal of Sound and 
Vibration, vol 75. Mar 8. 1981. p 51 85 10 refs Contract No 
NAS3 20050 

When a tree jet (or open jet ) is used as a wind tunnel to simulate 
the effects of flight on model noise sources, it is necessary to 
calibrate out the effects of tha free jet shear layer on the transmitted 
sound, since the shear layer is absent in the real flight case In this 
paper, a theoretical calibration procedure for this purposr is first 
summarized following this, the results of an experimental program, 
designed to test the validity of the various components of the 
calibration procedure, are described The experiments are conducted 
by using a point tound source located at various axial positions 
within the tree jet potential core bv using broadband excitation and 
cross correlation methods, the angle changes associated with iav 
paths across the theai layer are first established Measurements are 
then made simultaneously inside and outside the tree jet alonq the 
propel ray paths to determine the amplitude changes across the shear 
layer It is shown that both the angle and amplitude changes can be 
predicted accurately by theory It is also found that internal 
reflection at the shear layer is significant only for large ray angles in 
the forward quadrant where total internal reflection occurs Finally, 
the effects of sound absorption and scattering by the shear layer 
turbulence are also examined experimentally (Author ) 
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72 ATOMIC AND MOLECULAR 
PHYSICS 

Include* domic structure and molaculai spectra 


NS1 -22836*1 National Aeronautics and Space Administration 
Lewi* Research Center. Cleveland Ohio 

AN EVALUATION OF A SIMPLIFIED NIAS FIELD NOISE 
MODEL FOR SUPERSONIC HEUCAL TIP SPIED PROPEL- 
LESS 

James H Oittmar Mar 1981 24 p ref* 

(NASA-TM E1727 E-7SSI Avail NTIS HC A02/MF A01 CSCL 
20A 

Existing propeller noise models are versatile and complex 
but require large computational times, therefor* a simplified now* 
model that could be used to obtain quick now* estimates for 
these propellers was evaluated This simplified noise model 
compared favorably with a complex modal for a straight Made 
propeller and for swept propeller Hades when the propeller sweep 
was properly considered The simplified model can thus be ueed 
as an approximation to the complex model Comparison* of either 
the complex or simplified now* models with the available note* 
data are not good for supersonic propeller halicel tip speeds By 
adfuating various constants m the simplified model, the now* 
estimates can be brought mto the same rang* as the data at 
tn* propeller design point but the variation of the model with 
hehcal tip Mach number remains different than the data A N H 


N81 -22637*0 National Aeronautics and Space Admmwtration 
Lewis Research Center. Cleveland Ohio 
A THEORETICAL APPROACH TO SOUND PROPAOATION 
AND RADIATION FOR DUCTS WITH SUPPRESSORS 

Edward J Rice and David T Sewdy (Boeing Military Airplane 
Co . Wichita Has t INI 44 p refs Proposed for presentation 
at the 101st Meeting of the ASA Ottawa Ontario. 1S-22 May 
INI 

(NASA TM 82612. E-8631 Avail NTIS HC A03/MF A01 CSCL 
20A 

The several phenomena involved m theoretical prediction of 
the far. field sound radiation attenuation from an acoustically hnad 
duct were studied These include sbeorption by the suppreaeor. 
termination reflections, and far- field radiation Extensive parametric 
studies show that the suppressor sbeorption performance can 
be correlated wtth mod* cut-off ratio or angle of propagation 
The other phenomena can be shown to depend exphertfy upon 
mode cut off ratio A complete system can thus be generated 
which can be used to evaluate aircraft sound suppressors and 
whi ch can ba related to the sound source through the cut-off 
ratio- acoustic power dwtnbs. on Although the method is most 
fully developed for inlet suppressor* several ah radiated now* 
phenomena are also discussed This simplified suppressor d*s.gn 
and evaluation method I* summarised the recent improvements 
m the technique are presented and areas where further refinement 
a necessary are discussed Noise tupprasaor data from engine 
•ipan merits are compared with the theoretical calculations 

ARH 


NS1 -22838*# National Aeronautics and Space Admmwtration 
Lewie Research Center. Cleveland Ohio 
THE PROPELLER TIP VORTEX. A POSSIBLE CONTRIBUTOR 
TO AIRCRAFT CABIN NOISE 

Brant A Miller James H Oittmar and Robert J Jaracki Apr 
INI 11 p refs 

(NASA-TM-81786 E-S21) Avar NTIS HC A02/MF A01 CSCL 
20A 

Although the assumption is generally mads that cabin noise 
levels are governed by the transmission of propeller generated 
noise through the fuselage srdawaN it was postulated that the 
prop shat wake sinking the wing in particular pressure disturbances 
generated downstream of the propeller by the action of the 
proposer bp vortex could be strong enough to excite the aircraft 
structure and contribute to the cabin now* level Test* conduc 
ted to measure the strength of the propelt*' tip vortex support 
thw hypothesi s It was found that the propeller tip vortex can 
produce a fluctuation pressure on a simulated wing surface m 
the wake of e propeller that exceed* by mors than 16 dB the 


maximum direct now* that would sinks the fuselage Wing surface 
response to proposer tip vortex induced excitations and the 
effe ct iveness of thw response m radiating noise to the cabin 
interior must be estaUwhed to a sees* the fuH significance of 
these raeufts A R H 


NS 1-22 83S*| National Aeronautic* and Space Administration 

Lewi* Research Canter. Cl eveland Ohio 

COMPARISON OF PREDICTED ENGINE CORE NOISE WITH 

PROPOSED FAA HELICOPTER NOISE CERTIFICATION 

REQUIREMENTS 

U vonGlahn and 0 Groesbeck 1981 18 p reft Presented 

at the 101st Meeting of the ASA. Ottawa Ontario 1S-22 May 

INI 

(NASA-TM-S173B E-7S1I Avail NTIS HC A02/MF A01 CSCL 
20A 

Calculated angina cor* nows level* beaed on NASA- Lew n 
prediction procedures, lor five representative helicopter engine* 
are compared with measured total helicopter nor** levels and 
proposed FAA helicopter now* certification requirement* 
Comparisons are mad* for level flyover and approach procedures 
The measured now* level* are generally significantly greater than 
thoes predict ad for the cor* noise levels except for Sikorsky 
S-61 and S-64 helicopters However the predicted engine core 
now* levels ere generally at or within 3 rib of the proposed 
FAA now* rule* Consequently, helicopter engine core noise can 
be a significant contributor to tha overall helicopter now* 
signature and at this time will provide a limiting floor to a 
further decrease in future now* regulations Author 


N81-2ST78*# Natron*. Aeronautics and Spec* Admmwtration 
Lewi* Research Canter C l eveland Ohio 
THE MLFCONBISTENT CALCULATION OF PMUDO 
MOLECULE BNBROV LEVELS. CONSTRUCTION OF BNEROV 
LEVEL CORRELATION DIAGRAMS AND AN AUTOMATED 
COMPUTATION SYSTEM FOR SCF-X(ALPHA)-SW CALCU 
LATIONS 

Marten Schiosaer (Cleveland State Unnn Mar 18S1 20 p 

nft 

(NASA-TM-81710. E-740) Avail NTIS HC A02/MF A01 CSCL 
20H 

Tha salt consistent calculation of the electronic energy level* 
of noM* gaa paaudo molecule* formed when a metal surface i* 
bombarded by noble ga* ions ia discussed along with the 
construction of energy level correlation diagram* a* a function 
of interatomic spacing The aei* conaistent field x alpha scat- 
tared wav* (SCF-Xalpha-SW) method w utilised Preliminary results 
on the Ne-Mg system are given An interactive x alpha 
programming system implemented on the LaRC 'IBM 


A8 1 2 7031 • Electron spectroscopy of the diamond surface 

S V Pepper (NASA Lewis Research Center Cleveland. Ohio) 
Applied Physics Letters vol 38 Mar I 1981 p 344 346 10 refs 
The diamond surface is studied by imitation loss spectroscopy 
and Auger electron spectroscopy. Fo' surfaces heated to tempera 
tures not exceeding 900 C, the (land gap was found to be devoid of 
empty states in the absence of electron beam effects The incident 
electron beam generates empty states in the band gap and loss of 
structure in the valence band for these surfaces A cross section of 
1.4 x 10 to the 19th sq cm was obtained fo> this effect. For surfaces 
heated to temperatures exceeding 900 C the spectra were identical to 
those from surfaces modified by the electron beam The diamond 
surface undergoes a thermal conversion in its electronic structure at 
about 900 C (Author I 
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74optics 

mcli. te* light phenomena 


MSI- 1 MOO* | National Aeronautic* and Space Adminietiation 
Lewi* Reeaarch Canter. Cleveland Ohio 

HIQH P OWl A Df NS4TK0 MOM HIQH-TEMPE NATURE 
MATERIALS INTERACTIONS 

Jamee f Morn* 1 98 1 22 r raft Preeantadat 16lh Thermophy* 
Coni. High Tamp Malar Seetion Palo Alto. Calif. 23 26 Jun 
1M1. eponeored by AIAA 
(Contract EC 77 A-31 1062) 

(NASA TM -8 1626 DOE/ NASA/ 1062 71 Avan NTIS 
HC A02/MF A01 CSCl 201 

Thermionic energy converter* and metallic fluid heat pipe* 
era well tutted to eerve together lynergieticelly The two operating 
cycle* appear a* eimple and itolated a* their material problem* 
team forebodingly deceptive and complicated Simplified equation* 
verify material propertie* and interaction* a* primary influence* 
on the operational effect nrenee* of both Each experience* flow 
l-mrtation* in thermal emiaaion and vaporization becaute of 
temperature reetnction* redounding from thermophyeicochamical 
liability coneideration* Topic* diecueeed include (1) tucceeaful 
•imitation of alkali metal corroeion. (2) protection again*! external 
hot coiroeiv* gate*. 131 coping with external and internal 
vaporization. 14) controlling mtarfacial reaction* and diffusion, 
and (6) meeting other t»ierr» ophywcel challenge* expansion 
match** and creep A R H 
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75 plasma physics 

Include* magnetohydrodynamres and platma fusion 
For ionospheric platma* see 46 Grophynci For space 
plasma* tee 90 4srropAys.cs 


N61-1B620*# National Aeronautic* and Space Admmietretion 
Lewi* Research Canter. Cleveland Ohio 

THERMIONIC INI ROY CONVIRSION (TIC) TOPPING 
7HSRMOELECTRIC6 

James F Morna lilt Up rata Rropoead for preae-ietion 
at intern Conf on Rlaama So . Santa Fa. N Ms* . 1C 20 May 
1M1. sponsored by IEEE 
(Contract EC-77-A 31-1062) 

INASA-TM-61677. E 702 DOE/NASA/ 1062-61 Avan NTIS 
HC A0?/M r A01 CSCL 201 

Performance expectations for thermionic and ther moele ctric 
energy conversion systems are reviewed It is notad that internal 
radiation affect* dimmish thermoelectric figure* of merit ognifi- 
cantty at 1000 K and substantially at 2000 K. the effective 
thermal conductivity contribution of intrathorm oolactnc radial we 
diaarrition increase* with the third power of temperature It m 
argued that a consideration of thermoelectric power generation 
with high temperature heat sources should include utilisation of 
thermionic energy conversion (TEC) topping thermoele c tric * 
However TEC alone or TEC topping more efficient conversion 
systems Mm steam or gas turbine* combined cycles, or Stirling 
engine* would b* more desirable generally M G 


N61-24626*# National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohm 
CONCEPTUAL DESIGN OR THE MHO ENGINEERING TEST 
EACIUTY 

D J Rants. R W Bercaw J A Burkhart T S Mroi H S 
Rigo C V Pearson (Argon ns National Lab IN I. D K Warmner 
(Argonna National Lab III ) A M Hatch (MIT. Cambridge). M 
Borden (Gilbert Associates. Inc . Reading Ra ). D A Glia (Gilbert 
Associates. Inc Reading. Ral at al 1981 16 p refs Presented 
at th* 18th Symp on Eng Aspects of Magnatohydrodyn 
TuNahoma Term. 16 17 Jun 1881 
(Contracts DEAI0177ET 10769 EF 77 A 01 2674) 

(NASA TM 82621 DOE/NASA/ 10768 16 E 872) Avatl 
NTIS HC A02/MF A01 CSCL 201 

Th* reference conceptual design of th* MHO engineering 
teat facility, a prototype 200 MW* coal-fired electric generating 
plant designed lo demonstrate th* com me neat feasibility of open 
cycle MHD is summarised Mam elements of the design are 
identified and esplained and th* rational* behind them m 
r* tewed Ma|Oi systems and plant facilities are listed and 
discussed Construction coat a no schedule estimate* are included 
and the engineering issues that should be raaaammad ara 
identified A R H 


N81 24827*# National Aeronautic* and Specs Administration 
Lawn Research Center Cleveland Ohio 

A MHO CHANNEL STUOV FOR THE ITF CONCEPTUAL 
DS8IQN 

S Y Wang P J Staigar and J Martm Smith 1881 13 p 

refs Presented at the 18th Symp on Eng Aspect* of Msgnetohy. 
drodyn ~u**hnma Tenn 16 17 Jun ‘861 
(Contract Df -MO' 77ET 107691 

(NASA 1 M b 1 7 64 DOE/ NASA/ VJ769 14 1 627) Avail 
NTIS HC A02/MF A01 CSCL 201 

The procedure* and computatirn* used to identify an MHO 
channel lor a 640 mWIII EFT seals plant are praaantad Under 
the assumao constraints of masimum Els). Ely) Jly) and Bata 
result* show the bos' plant performance is Obtained for active 
length L a spprosimataty 12 M whereas m the initial ETF 
studies L a approximately 16 M As MHO channel length a 
reduced from 19 M the channel enthalpy extraction faNs off 
slowly TNs tends lo reduce the MHO power output however 
the shorter channel* result m lower heat losses to the MM J 
channel cooling water which allow* for the incorporation of more 
low pressure boiler feedwater heaters mio the system and an 
increase m steam plant efficiency Th* net result of these changes 


a a net increase m th* over all MHD/staam plant efficiency In 
addition to th* sensitivity of various channel parameters th* 
trade-offs between the level of oxygen enrichment and th* 
electrical stress on th* channel are also dis c ussed ARM 


N6 1-28608* # National Aeronautic* and Spec* Admmatretton 

La wa Research Canter. Cle-alend Ohio 

OOAL6 OF HERMIONIC PROGRAM FOR BRACE ROWER 

Robert E English 1661 11 p refs Presented at the Rlaama 

Sci Intern Conf . Santa Fa. N Max . 16-20 May 1661 . sponsored 
bv IEEE 

INASA-TM-62616. E-866) Avail NTIS HC A02/MF A0 1 CSCL 

201 

The thermionic and Sreyton reactor conc e pts were compared 
for application to space power For a turbine inlet temperature 
of 16000 K th* Brayton powerplent weighted 6 to 40% leas 
than the thermionic concept Th* out of cor* concept separate* 
the thermionic converters from their reactor Technical risks ore 
diminished by (1) moving the maolator out of th* reactor; 
12) allow mg a higher thermal Rux for th* thermionic converters 
than « required of the reactor fuel, and (]) eliminating fuel 
swelling s threat against lifetime of the thermionic converters 
Overall performance can bo improved by including power 
processing m system <-ntimustion for design and technology at 
more efficient, higher temperature power processors Th* 
thermionic reactors wilt b* larger than those fo> competitive 
systems with higher cou/arwon efficiency and lower reactor 
operating temperatures it is concluded that although th* affect 
of reactor sue on shield weight wi be modest for un.nanned 
spacecraft, th* penalty m shield weight wiM b* iarga for 
manned or man-tanded spacecraft EA K 


N81 -80672*# National A»-i..autics and Space Admm.strauon 
Lewi* Research 0-.;#i Cleveland Ohio 

A PROGRAM-MANAGEMENT PLAN WITH CRITICAL-RATH 
DEFINITION FOR C0M6U6TI0N AUGMENTATION WITH 
THERMIONIC ENERGY CONVFRMON (CATEC) 

Jama* F Moms. Owen S Merrill (DOE Washington DC), and 
Harsh* K Reddy (Th* Aerospace Corp Lo* Angel**) 1861 
60 p refs Presented at Intern Conf on Plasma Sci . l ants 
Fe N Mas 18 20 May 1961 
(Contract EC 77-A-3 1-1062) 

l NASA TM -82670 E 960 DOE/ NASA/ 1062 01 Avail NTIS 
HC A03/MF A01 CSCL 201 

Thermionic energy conversion (TEC) is discussed In recant 
TEC-topping analyses overall dent efficiency (ORE) and cost d 
electricity (COE I improved slightly with current capabilities and 
substantially with fully matured technologies Enhanced credibility 
derives from proven hot-corrosion protection for TEC by 
silicon carbide dads m fossil fuel combustion products Combus 
non augmentation with TEC (CATEC) affords minimal cost and 
dent perturbation but with smaller ORE and COE improvements 
than more conventional topping apdications Risk minimization 
as well as comparative simdicity and convenience favor CATEC 
for early market penetration A program management plan I* 
proposed Inputs characteristics outputs and capabilities are 
discussed S F 


N81 32026*1 National Aeronautics and Space Administration 

Lewis Research Cental Cleveland Ohio 

HIGH R-FIELD. LARGE AREA RATIO MHO DUCT TARERI 

MENT8 

J Marlin Smith Sh«h Ymg Wang and J L Morgan 1861 
14 p left Presented at th* Intern Conf on Plasma Sci Santa 
Fa N Max 16 20 May 1981 Sponsored by IEEE 
(Contract DE AI01 77ET 107691 

(NASA TM 82673 E 966 DOE/NASA/ 10769 10) Avail 
NTIS HC A02/MF A01 CSCL 201 

Studies of the effect of area ratio variation on the performance 
of a supersonic Mali MHD duct were extended up to area ratios 
of 6 26/ 1 It ■* shown that for a given area ratio there * a 
combustion pressure above which th* power generating region 
of the duct is shock free and the power output increases Imeerty 
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with the equate ol the magnetic held Below this piaaauia a 
chock fount in the duct which move* upstream with me i eating 
magnetic field itrength and ieaultt m a 'eaa lapid rise m powei 
output Authoi 


A81 44656 * a Goali of thermionic program for tpaca power. 

R E English (NASA. Lewit Research Cental, Cleveland. OH). 
Institute of Electrics! snd Electronics Engineers Plasma Science 
Internstionsl Conference Ssnts Fe, NM. May 18 X. 1981. Paper 9 
p. 9 reft 

The considered investigation hat the two obiectivet to assess the 
feasibility of operating a Brayton powei generating system at 1500 K 
and to explore the manner in which changing goals tor the 
thermionic program may have resulted in the use in specific mass 
that hat been observed Concerning the first obiective. it is pointed 
out that to date no components have been built and evaluated for 
use in a B'syton space powei system to operate at 1500 K. On the 
other hand, the principles in design were successfully demonstiated 
at 1 1SO K with materials appropriate to that temperature Long time 
creep data for both the tantalum alloy ASTAR811 C and the 
molybdenum alloy TZM support the performance predictions made 
by Harpei (19791 with lespect to a Brayton system pioviding a 
specific mass value of 21 kg/kWe at 1500 K. Eoi the thermionics 
program, it is recommended to conduct an investigation of the 
original goals of high emittei tempeiature (1800 7000 Kl and high 
power density. G.R 


N61 11833’# Wichita State Univ Kans Dept of Mechanical 
Engineering 

PERFORMANCE PREDICTION OF STRAIGHT TWO 
DIMENSIONAL DIFFUSERS Final Report 
Mahesh S Greywall wp 1980 36 p iefs 
i Contract NeG 3186 Contract OE AI0177ET 107691 
I NASA CR 165186 D0E/NASA/3186 1 ME MG80 1) Avail 
NTIS HC A03/MF A01 CSCL 201 

A method based on full viscous calculations is presented 
to predict performance of straight two dimensional diffusers The 
method predicts adequately the experimental pressure recovery 
data up to the point of maiimum pressure recovery foi small 
and large inlet boundary layer thicknesses It a shown that at 
the point of maiimum pressure recovery the slieamwiee velocity 
m the very neai wall region vanes as Z to the 0 22 powei 
where Z it the distance from the diffuse! wall Author 


NS1-12138*| Dayton Untv . Ohio 

APPLICATIONS TECHNOLOGY SATE LUTE AND COM 
MUNICATIONS TECHNOLOGY SATE LUTE USSR EXPERI- 
MENTS FOR 1SS7-1SS0 REFERENCE BOOK VOLUME 4: 
ABSTRACTS Final Repots 

Nicholas A Engler John F Nash, and Jerry 0 Strange Aug 
1980 677 p refs 
(Contract NAS3 21370) 

(NASA CR 166169 Vol 4. UOR TR SO 102 Vd 4) Avail NTIS 
HC A99/MF A01 CSCL 22B 

The important usei e-penmenta conducted during the fourteen 
year period from 1966 to 1980 are summantad A description 
of each of the satellites and a brief summeiy of each user 
espenment is presented A cross mdes of user experiments jorted 
by various parameters and a listing of keywords versus espenment 
number » included The experiments are grouped by type of 
service offered, for a sample education, health services, and data 
transmission A bibliography of reports by accs.'sion number and 
by author is also presented User viewpoints of ti.5 systems are 
presented Author 


A81-20649 * * The STD/MHD codex - Comparison of analyses 
with experiments at AEDC/HPOE . Reynolds Metal Co., and Hercu- 
les, Inc. A A. Vetter. C. D Maxwell. T. F. Swetn. Jr., S T 
Demctneoev D. A Oliver, end C 0 Bangerter (STD Research Corp . 
Arcadia. Crlif ). American Institute of Aeronautics and Astronautics. 
Aatospac' c encas Meeting. 19th. St Louis. Mo .Jan 12 IS. 1981. 
Paper 8I-OI/3 16 p. 39 refs Research supported by the Reynolds 
Metal Co. and US. Department of Energy. NSF Grant No C-727, 
Contracts No DEN3 179. No DEN3 202 

Data f'om sufficiently well instrumented, short duration expen 
ments at AEDC/HPOE. Reynolds Metal Co . and Hercules. Inc., are 
compared to analyses with multidimensional and time dependent 
simulations with the STD/MHD computer codes These analyses 
reveal detailed features of maioi transient events, severe lots 
mechanisms, and anomalous MHO behavior In particular, these 
analyses predicted higher than design voltage drops. Hall voltage 
overshoots, and asymmetric voltage drops before the expenmental 
data were available The predictions obtained with these analyses are 
in excellent agreement with the expenmental data and the failure 
predictions are consistent with the experiments The design of large, 
high mteiaction oi advanced MHO experiments will require applies 
tion of sophisticated, detailed ana comprehensive computational 
procedures in order to account for the critical mechanisms which led 
to the observed behavior in these experiments . (Author) 


NS1-11B14*f Texas Umv Arlington 

MHD GENERATOR OFF-DESIGN PERFORMANCE AND NOx 
CHEMICAL KINETICS ANALYSIS VOLUME 1 ANALYSIS 
OF THE OFF-DESIGN PERFORMANCE OF THE ENGINEER 
IN0 TEST FACIUTY ETF MHO GENERATOR FLOW TRAIN 

Donald R Wilson and Gloyd A Simmons Jun 1980 77 p 

refs 

(Grant NsG 32661 

(NASA CR 166187 DOE/NASA/3266 II Avail NTIS CSCL 
201 

A computer coda for performing parametric design point 
calculations and evaluating ths off design performance of 
magnet ohydiodynamic generators was developed Details of the 
computer codes are presented An assessment of the effect of 
preheat stoichiometry, and oxygen enrichment on the design 
point electrical performance of the geneiator and the NOx 
c.mcentiation at the axil of the radiant bodei are included The 
off design study included variations in mass flow rats and oxygan 
enrichment Maximum design point performance was achieved 
with a combination of high preheat high stoichiometry and no 
oxygen enrichment The i eduction m generatoi powei was found 
to scale almost quediaticaiiy with the mass flow isle i eduction 
The powei increased to a maximum level fur off design opeiation 
at an oxygen enrichment value of 60 percent then dec leased 
with fu'thei increases in oxygen enrichment The off design 
geneiator would not run at oxygen enrichment levels less than 
the 60 percent design level and simultaneously match the imposed 
thermal powei input and downstream pressure constraints S F 


AS 1 20698 * » On the magnet oeerothsrmd instability. S T 
Demat trades, 0 A Olrvei. T. F 5wean. Jr , and C D Maxwell (STD 
Rsstarch Corp . Arcadia. Cahl I American Institute of Aeronautics 
ami Astronautics. Aerospace Sciences Meeting. 19th. St Louis. Mo.. 
Jin. 1215. 1981. Passer 81 0248 14 p 18 iefs Reseaich supported 
by the Northrop Corp., US Department of the Interior. US 
Department ft Energy, and ERDA. MSF Grant No C-727. Contracts 
No AF 4916381 1160. No DSN3 179. No DEN3 207 

A fundamental instability in MHD channel flow, hitherto 
unknown or unappreciated, is described Lorenti force driven secon 
dary flow cells preferentially couple core temperature gradient 
modes into the near fields of the anode wall leading to a locally 
growing Lorentr force which eventually separates the anode bounds 
ry layer The instability is described with both heuristic order-of- 
magnitude analyses and detailed three dimensional, turbulent. MHD 
flow computations Tins m agnetoaer other mal instability will be 
manifested in commercial testa MHD generators of moderate MHO 
mteiaction par emeter Methods of contiol and prevention of the 
m agnetoaer ithetmal instability exist (Author) 
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All 29660 * FIuhi mod* 1 o* r inw outside ■ hollo* 

cathode n*utr»li/*f 0 E Park* M J M»’t*ll (nd I Katr (Systems 
Science and Software. L* Jolla Calif • A/a> Japan Society for 
Aeronautical tort Space Srienctn and OGL 9 International flectnc 
Aropultion Conference ISto Let Vrgai .* *i Apr 21 23. 1MI 
AIAA Paper 814739 6n 12 rets Contract No NAS3 2176? 

Th* present study miWm th* capability ol • fluid modal of 
electron ti import to e> plain observed proper • vs of the e« tornal 
plasma of a h : 'o* cathode neutrali/ei uiad to neutralire beamt 
emerqinq from ion thrusters Calculation! reported ! ere the « that 
when th* affective collition tieyuencv in such a model i> nea> the 
platma tiaquanev. th? rmultmq electric potential and election 
temparetur* variation! are in qualitative aqreement with values 
measured in th* plum* mod* of the hollow cathod* Both theory and 
experiment show stronq variations of temperature and potential 
within a few centimeters of th* cathode orifice (Author! 
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76 SOLID-STATE PHYSICS 

includes superconductivity 

For related information see also 33 Electronics and 
Electrical Engineering and 36 Lasers and Masers 


A8 1 43004 * i -b diagram tor gadolinium near the Curie 

temperature S M Bentord and G V Brown (NASA. Lewis 
Research Center. Cleveland OH' .‘American Institute of Physics and 
Institute of Electrical and Elec.. -one tngineers. Annual Conference 
on Magnetism and Magnetic Materia s 26th Dallas. TX. Noe. 1 1- 14. 
1980 1 Journal of Applied Phys.cs vol 52 Mar. 1981, pt 2. p. 
2110-2112 9 refs 
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77 thermodynamics and 

STATISTICAL PHYSICS 

Includes quantum mechanics and Bosa and Farm 
statistics 

Foi (elated mfoimation see also 25 Inorganic aid 
Physical Chamislry and 34 Fluid Mechanics and Hea: 
Translar 


A8131375 * Thermodynamics II The extended thermo- 

dynamic system. F J. Zeleimk (NASA, lewis Research Cental. 
Cleveland. Ohio). Journal ol Mathematical Physics, vol 22, Jan 
1981. p. 161 178 5 reft 

The algebraic theory ol thermodynamics developed in a previous 
papei is extended to include the algebraic structure that arises from 
the introduction of a physical body into the theory The extension is 
based on very geneial definitions of both the thermodynamic states 
of a body and subsystems of that body The algebraic analysis, which 
includes bodies in nonuniform states, shows that the set of all 
thermodynamic states of a body has the same algebraic structure as 
the set of thermodynamic states and that composite systems are 
induced by the algebraic structure of thermodyr.-mic states The 
analysis also justifies a variational treatment of thermodynamic 
bodies in uniform as well as nonuniform states The variational 
calculation includes all conventional methods of calculation as 
special cases and helps to illuminate the origin and interpretation of 
the electrochemical potential (Author) 


136 



82 documentation and 

INFORMATION SCIENCE 

Incluilwt information storage and letneval technology 
micrography and library science 

f 01 compute* doc umer „iion nee 6 1 Compute P'Ogum 
mtng and Soltnart 


WI ITM'f National Aeronautics and Space Administration 
Lewis Reeearch Center Cleveland Ohio 

BIBLIOGRAPHY OF LEWIS RESEARCH CKNT1R TfCHNI 
CAL PUBLICATIONS ANNOUNCf O IN 1B7S 

May 1M0 376 p 

(NASA TM 91525 E 9449 4) Avail NTIS HC A17/MF A01 
CSCL 058 

This compilation of over 1100 abstracts describes and 
indexes the technical reporting that resulted from the scientific 
and engineering work performed and managed by the Lewis 
Re sea rch Center in 1979 AN the publications were announced 
m the 1979 issues of STAR (Scientific and Technical Aerospace 
Reportel and/or IAA (International Aerospace Abstracts) Research 
reports journal articles conference presentations patents and 
patent applications and theses are included Subject author, 
corporate source contract number and report number indexes 
are provided A R H 


N9 11 7943* | National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

BIBLIOGRAPHY OP LEWIS RESEARCH CENTER TfCHNI 
CAL PUBLICATIONS ANNOUNCED IN 1978 
May 1979 367 p 

(NASA TM 79167 f- 9449-3) Avail NTIS HC A16/MF A01 
CSCL 069 

AN the publications were announced m the 197S issues of 
STAR (Scientific and Technical Aerospace Reports) and/or IAA 
(International Aerospace Abstracts) Included are research reports 
lournal articles, conference presentations patents and patent 
applications and t h eses T M 


N91 29029* National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 

BIBUOQRAPHV OP LEWIS RESEARCH CENTER TECHNI- 
CAL PUBLICATIONS ANNOUNCED IN 1990 
May 1991 373 p 

INASATM 92661 ( 9449 5) Avail NTIS HCA16MFA01 
CSCL 066 

This compilation of abstracts describes and indexes over 
790 research reports |Oumsl articles conference presentations 
patents and patent applications and theses resulting from the 
scientific and engineering work performed and managed by the 
Lawns Rsiearch Canter in 1990 All the publication* were 
announced in Scientific and Tachmcsl Aerospacs Rsports 
and/or International Aerospace Abstracts A R H 


N9‘ 21212*# Beech Aircraft Corp Boulder Colo 

CONCEPTUAL DESIGN OP AN IN SPACE CRYOGENIC 
PLUID MANAGEMENT FACILITY. EXECUTIVE SUMMARY 
Pinal Report 

Q S Widen 0 H Riemei and 0 C Hustvedt Apr 1981 
36 p refs 

(Contract NAS3 22260) 

(NASA CH 165279 (xec Summ BAB FR 14967 (sec Summl 
Avail NTIS HC A03/MF A01 CSCL 21H 

The conceptual design of a Spacelab experiment to develop 
the technology associated with low gravity propellant management 
is summarized The preliminary facility definition conceptual design 
and design analysis and facility development plan including 
ichedule and coat estimates foi the facility are presented J D H 


83 economics and cost 

ANALYSIS 

Includes cost effectiveness studies 


National Aeronautic* end Space Admmiatration 
Lewie Research Canter Cleveland Ohio 
MIOHUQHTS Of NAM/ DOC PHOTOVOLTAIC MARKET 
AMCMMINT VISIT TO MOROCCO 
S Jun 1MI lip ref* 

(NASA TM-82288) Avail NTIS HC A02/MF A01 CSCL 
06C 

A broad ranga ol agricultural rural development and other 
power application* in venous regions of Morocco were examined 
to determine the potential market for photovoltaic products in 
Moroccan development The primary focus of the study was the 
agriculture aactor which accounts for approximately 17% of the 
country* GNP The country ha* a clear need for reliable remote 
power lystems. but doe* not have the financial resources to 
invest m the relatively high capital cost PV equipment A modest 
potential for PV uaa waa identified in nonag ncultural rural services, 
such as refrigerators for rural clinics and rural radio telephones 
The mam potential for PV m Morocco in the next five years lies 
mainly m the telecommunications sector Applications include 
rural TV sets. TV repeater stations, microwave relay stations, 
and railroad, manna, and airline signalling Market sue estimates 
were derived from development and expansion plans At an 
average cuetomer coat for complete installed systems from 
Sll/Wp to 930/ Wp the total potential market value is estimated 
m the range of S0 0 to S1 1 million over the 1981-1986 period 

A R H 


NS1-320S1*# National Aeronautics and Space Administration 

Lewis Research Canter. Cleveland Ohio 

HIGHLIGHTS OF NAM DOE PHOTOVOLTAIC! MARKET 

ASSESSMENT VISIT TO COLOMBIA 

(1981) 13 p 

(NASA TM 8401 1) Avail NTIS HC A02/MF A01 CSCL 
05C 

A NASA/ DOE sponsored photovoltaic market assessment 
team composed of representative* of NASA Lewis Research 
Center OHR Inc end Associate* in Rural Development Inc 
recently conducted * month long study t- Colombia (Jun* 28 
July 231 The team contacted govetn-nenl officials and privet* 
sector representatives m Bogota and Cali and visited rural 
development and agricultural srtas ,n the departments of 
Cundmamarca Caldas Valle and chaca 'o determine the potential 
market for American photovoltaic products m the Colombia 
agricultural and rural aactor* L F M 


84 LAW AND POLITICAL SCIENCE 

Includes space lam international lam imeinalional 
cooperation and patent policy 


Nil UM7'| National Aeronautics snd Space Administration 
Lewis Research Center. Cleveland Ohio 
HIGH POWER BAC'UNt ANO MOTORING TEST RESULTS 
FOR THE GPU) STIR UNO ENGINE Final Report 

Lenny G Thieme Jun 1981 37 p rets 
(Connect DE AI0177CS 510401 

I NASA- TM 82646 DOE/NASA 610*0-31 E 902) Avail NTIS 
HC A03/MF A01 CSCL 13F 

Teat results are given tor the lull power range of the engine 
with both helium end hydrogen working fluids Comparisons are 
made to previous testing using an alternator and resistance load 
bank to absorb the engine output Indicated powai results are 
presented as determined by several methods Motoring tests ware 
run to aid m determining engine mechanical losses Comparisons 
ere made between the results ol motoring and energy balance 
methods tor finding mechanical losses T M 


NB 11 1 962 * * Mechanical Technology Inc Latham N Y 
Stirling Engine Systems Oiv 

AUTOMOTIVE STIRLING ENGINE DEVELOPMENT PRO 
GRAM Quarterly Technical Progress Report. 30 Mar -28 Jun 

I960 

Merton Allan ed Aug I960 96 p rets 
(Contract 0EN3 32 EC 77 A 31 1040) 

INASACR 165134 DOE/ NASA/0032 80/8 

MTI 80ASE 144QT9I Avail NTIS HC A05/MF A01 CSCL 

13F 

Progress is reported in the following the Stirling reference 
engine system design components and subsystems F 40 baseline 
Stirling engine installation and test the first automotive engine 
to be built on the program computer development activities 
and technics! assistance to the Government The overall program 
philosophy is outlined and data and results are given A R H 


N81-1 1963*1 AiResearch Mfg Co Phoemn Aru 

COST BENEFIT ANALYSIS OF ADVANCED MATERIALS 
TECHNOLOGY CANDIDATES FOR THE I960 S. PART 2 
Final Report 

R E Dennis and H F Maertins Aug 1980 106 p refs 
(Contract NAS3 20C73I 

(NASA CR 165176 AIRESEARCH 21 3663 PT 21 Avail NTIS 
HC A06/MF A01 CSCL 05A 

Cost/benefit analyses to evaluate advanced material technol 
ogies protects considered for general aviation and turboprop 
commuter aircraft through estimated life cycle costs direct 
operating costs snd development costs are discussed Specifically 
addressed is the selection of technologies lo be evaluated 
development of property goals assessment of candidate 
technologies on typical engines and aircraft sensitivity analysis 
of the changes in property goels on performance and economics 
cost and risk analysis for each technology and ranking of each 
technology by relative value The cost/ benefit analysis was applied 
to a domestic nonrevenue producing business type tet aircraft 
configured with two TFE731 3 turbofan engines and to a 
domestic nomevenus producing business type turboprop aircraft 
configured with two TPE331 10 turboprop engines In addition 
a cost' benefit analysis was applied to a commercial turboprop 
aircraft configured with a growth version of the TPE331 10 

MG 


85 URBAN TECHNOLOGY AND 
TRANSPORTATION 

Includes applications of space technology to urban 
problems technology trans* . technology assessment and 
surface and mass transpor.juon 

For related information see 03 Air Transportation and 
Safety. 16 Space Transportation, and 44 Energy Production 
and Conversion 


Nlt lttU'lf National Aeronautics and Space Administration 
Lewis R e s earch Canter. Cleveland. Ohio 

A MCTHOOOLOQV FOR FOSTERING COMMERCIALIZA- 
TION OF ELECTRIC AND HYBRID VEHICLE PROPULSION 
SYSTEMS 

Pierre A Thollot and Norman T. Mueial Oct 1980 14 p refs 
(Contract EC-77-A-3 1-1044) 

(NASA TM-81575. E 545. DOE/ NASA/ 1044- 10) Avail NTIS 
HC A02/MF A01 CSCL 13F 

The rationale behind, and a proposed approach for. applica- 
tion of government assistance to accelerate the process of moving 
a new electric vehicle propulsion system product from technologi- 
cal readiness to profitable marketplace acceptance and utilization 
are described Emphannsis is on strategy, applicable incentives, 
and an implementation process TM 


N81 -24994*1 Nations Aeronautics and Space Administration 
Lewie Research Cants'. Cleveland. Ohio 

SYSTEM SAFETY IN STIRLING ENGINE DEVELOPMENT 
H Banka it rs 1981 29 p refs Presented at the 6th Intern 
Systems Safety Conf. Denver. 28-31 Jul. 1981 
(Contract DE-AI01-77CS-51040) 

(NASA-TM-82615; DOE/NASA/61040-26: E-867) Avail 
NTIS HC A03/MF A01 CSCL 108 

The DOE/ NASA Stirling Engine Protect Office has required 
that contractors make safety considerations an integral part of 
all phases of the Stirling engine development program As an 
integral part of each engine design subtask, analyses are evolved 
to determine possible modee of failure The accepted system 
safety analysis techniques (Fault Tree. FMEA. Hazards Analysis, 
etc ) are applied in various degrees of extent at the system, 
subsystem and component levels The primary objectives are to 
identify critical failure areas, to enable removal of susceptibility 
to such failures or their effects from the system and to minimize 
risk T.M 


N81 -28988*1 National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland Ohio 

EFFECT OF VOLTAGE ON THE COST OF AN ELECTRIC 
VEHICLE PROPULSION SYSTEM 

Richard M Schuh and Edward F McBnen 1981 31 p refs 

Proposed for presentation at the 91st Natl Meeting of the Am 
Inst of Chem Engrs . Detroit. 18-19 Aug 1981 
(Contract DE-AI01-77CS-5 10441 

(NASA TM 82592 DOE/NASA/51044 20 E 8391 

Avail NTIS HC A03/MF A01 CSCL 13F 

The life cycle cost and the purchase price of simple dc and 
ac propulsioi systems ere estimated as a function of battery 
voltage from 50 to 500 V The results show a slight preference 
for a battery pack voltage of approximately 100 V Three propulsion 
systems are examined one has a aeries motor with a chopper 
controller, another an induction motor with an inverter control lei 
and the thir a shunt motor using stepped-voltage control 
below base speed and field control above base speed Motor 
power retmg is assumed to be 20 kW continuous duty The 
coat and the specific energy of a 24 kW-hr battery pack are 
estimated from 60 to 600 V by a battery manufacturer The 
impact of system voltage variation on the efficiency weight 
and coat of the other electrical components is estimated from 
besic electrical considerations and informal discussions with 
manufacturers Author 


NS1- 13903*f Cummins Engine Co. Inc.. Columbus Ind 

VEHICLE TESTING OF CUMMINS TURBOCOMPOUND 
DIESEL ENGINE Final Report 

Michael C. Brands. John R Werner, and John L Hoehne Jun 
1980 64 p refs 

(Contracts EM-78-C-02-4936. EC-77 A 31 101 1) 

INASA-CR- 169840. DOE/NASA/4936 80/ 1 . 

CTR -07 46-80002) Avail NTIS HC A04/MF A01 CSCL 13F 
Two turbocompound diesel engines were installed in Class 
VIII heavy-duty vehicles to determine the fuel consumption 
potential and performance characteristics One turbocompound 
powered vehicle was evaluated at the Cummins Pilot Canter 
where driveability, fuel consumption, torsional vibration, and noise 
were evaluated Fuel consumption testing showed a 14.8% benefit 
for the turbocompound engine in comparison to a production 
NTC-400 used as a baseline The turbocompound engine also 
achieved lower noise levels, improved driveability, improved 
gradeability. and marginally superior engine retardation The 
second turbocompound engine was placed in commercial service 
and accumulated 60.000 miles on a cross-country -oute without 
malfunction Tank mileage revealed a 16 92% improvement over 
a production NTCC-400 which was operating on tha same 
route Author 


NS1-18S38*| Mechanical Technology. Inc. Latham. N Y 
ADVANCED PROPULSION SYSTEM CONCEPT FOR 
HYBRID VEHICLES 

Suresh Bhate. Hsin Chen, and George Dochat Dec 1980 
169 p refs 

(Contracts DEN3-92. EC-77-A 31-10441 

(NASA CR 159772 DOE/ NASA/ 0092-80/1; MTI-80TR26) 
Avail NTIS HC AOS/MF A01 CSCL 13F 

A senes hybrid system, utilizing a free piston Stirling engine 
with a linear alternator, and a parallel hybrid system, incorporating 
a kinematic Stirling angina, are analyzed for various specified 
reference m issions/ vehicles ranging from a small two passenger 
commuter vehicle to a van Parametric studies for each 
configuration, detail tradeoff studio* to determine engine, battery 
and system definition, short term energy storage evaluation, and 
detail life cycle cost studies were performed Results indicate 
that the selection of a parallel Stirling engine/ electric, hybrid 
propulsion system can significantly reduce petroleum consump- 
tion by 70 percent over present conventional vehicles J M S 


NS 1-208S8*| Garrett Corp.. Phoenix. Aril. Turbine Engine 
Co 

ANALYTICAL DESION OF AN ADVANCSD RADIAL 
TURBINS Final Report. 1 Feb. IB 79 - 1 Aug. 1880 

Gerald D. Large. David G Finger, and Charles G Under Feb 
19S1 188 p refs 

(Contracts DEN3-106; DE-AI01-77CS-61040I 

INASA-CR- 166 170. DOE/ NASA/ 01 06-1. Rapt-31-1663) Avan 

NTIS HC AOS/MF A01 CSCL 13F 

The aerodynamic and mechanical potential of a single stage 
ceramic radial inflow turbine was evaluated for a high temperature 
single stage luUxnodvt BOQtn# Th# Nrodynifnk insfytts utilizes 
• turbine system optimisation technique to evaluate both redial 
end nonradtel rotor biedmq Selected turbine rotor configura- 
tions were evaluated mechanically with three dimensional finite 
element techniques Results indicate that exceptionally high rotor 
tip speeds (2300 ft/sac) and performance potential are feasible 
with radial bladed rotors if tha projected ceramic material 
proparties are readied. Nonradiei rotors reduced tip n e ed 
requirements (at oonotant turbine efficiency) but resulted In a 
lower cumulative probability of luccaet due to higher blade and 
disk at reseat R CT. 
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N81-22S82*f Ford Motor Co . Dearborn. Mich 

CERAMIC REGENERATOR SYSTEMS DEVELOPMENT 
PROGRAM Final Papon. 1 Oct. 1878 • SI Ooc. 1S7S 

C. A Fucmari. C J Rahnke. VON Rao. and J K Vallanca 
Oct 18S0 264 p at* Sponsor ad m part by DOE 
(DEN3BI 

INASA CR-165138. 0 OE/ N ASA/0008 12) Avail NTIS 
HC A12/MF A01 CSCL 108 

Tha DOE/ NASA Caranuc Regenerator Design and Reliability 
Program aims to davalop caramic raganarator coraa that can ba 
uaad in paaaangar car and mduatnal/ truck gaa turbina anginas 
Tha mator cauaa of failura of aarly gaa turbma raganaratora waa 
found to ba chamical attack of tha caramic matanal Improvad 
matanala and da sign concepts aimad at raducing or eliminating 
chemical attack ware placed on durability last in Ford 
707 mduatrial gas turbina anginas lata in 1874 Results of 
63.065 hours of turbina angina durability tasting are described 
Two materials, aluminum ailicata and magnaaium aluminum 
silicate show promise Five aluminum silicate cores attained tha 
durability obiectnre of 10.000 hours at 800 C 11472 F) 
Another aluminum silicate core shows minimal evidence of 
chamical attack after 8071 hours at 982 C (1800 FI Results 
obtained in ceramic malarial screening tests, aarotharmodynamic 
performance lasts, stress analysis, cost studies, and material 
specifications are included S F 
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N81 12978*# National Aeronautics and Space Administration 
Lawis Research Canter Cleveland Ohio 

IMPACT FOR THE 80S: PROCEEDINGS OF A CONFER- 
ENCE ON SELECTED TECHNOLOGY FOR BUSINESS AND 
INDUSTRY 

Nov 1980 238 p Coni held in Cleveland. 14 15 May 1980 
INASA CP-2149 E 4891 Avail NTIS HCA11/MF A01 CSCL 
05A 

Various aspects of advanced energy technology are discussed 
Specific emphasis is given to aircraft propulsion, wind power 
commercialization, materials and structures, lubrication and 
bearings. Stirling and gas turbine engines, and alactric and 
hybrid vehicles For individual titles, see N61 -12979 through 
N8 1-12991 


NS1-1297S*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

ENERGY OVERVIEW 

Henry 0 Slone In its Impact for the 80 s Proc of a Conf on 
Selected Technol for Business and Ind Nov 1980 p 19 
(For primary document see N81-12978 03-991 
Avail NTIS HCA11/MFA01 CSCL 10A 

The experience, capabilities and facilities being utilized at 
NASA Lewis in support of energy programs conducted by the 
Department of Energy and other agencies are discussed 
Background information is given regarding NASA s involvement 
in solving energy problems R C T 


N81- 12980* m National Aeronautics and Space Administration 

Lewis Research Center Ueveland. Ohio 

NASA RESEARCH IN AEROPROPULSION 

Warner L. Stewart In its Impact for the 80 s Proc of a Conf 

on Selected Technol for Business and Ind Nov 1980 p 11-26 

(For primary document see N81-12978 03 99! 

Avail NTIS HC A11/MF A01 CSCL 21 E 

The role of the Lewis Research Center in aeronautical 
propulsion is described The state of the art m engine systems 
and components are discussed and some of the problems that 
confront the cnril and military aeronautic sectors aie addressed 
Some of the programs that are under way are summarized with 
emphasis on the future needs and opportunities in aeronautics 

R CT 


N81-129S1*# National Aeronautics and Space Administration 
Lewis Research Center Cleveland Ohio 

LARGE WIND TURBINES: A UTILITY OPTION FOR THE 

GENERATION OF ELECTRICITY 

William H Robbins Ronald L Thomas and Darrell H Baldwin 
In its Impact for the 80 s Proc of a Conf on Selected Technol 
for Business and Ind Nov 1980 p 27-41 rets Also presented 
at the Am Power Conf Chicago 21 23 Apr 1980 IFor primary 
document see N81 12978 03 991 
Avail NTIS HC A11/MF A01 CSC . 10B 

The economic and technical potential of wind energy in the 
United States is discussed Particular attention is given to the 
status of wind turbine operational uxpcnence as well as the 
environmental posture of the technology R C T 


NB1-129S2*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland Ohio 
PROGRESS IN MATERIALS AND STRUCTURES AT LEWIS 
RESEARCH CENTER 

Thomas K Glasgow Richard W Lauver. Gary R Halford and 
Robert L Davias In its Impact for the 80 s Proc of a Conf 
on Selected Technol for Business and Ind Nov 1980 p 43-64 
refs IFor primary document see N81- 12978 03-991 
Avail NTIS HCA11/MFA01 CSCL 11 G 

The development of power and propulsion system technology 
is discussed Specific emphasis is placed on the following high 
tamperature matanals. composite materials, advanced design and 
life prediction, and nondestructive evaluation Future areas of 
research are also discussed R C T 


N81-129S3'! National Aeronautics and Space Administration 
Lawis Research Center. Cleveland Ohio 
THIN-FILM COATINGS 

Donald H Buckley In its Impact of the 80 s Proc of a Conf 
on Selected Technol for Business and Ind Nov I960 p 65-74 
IFor primary document see NB1- 12978 03-991 
Avail NTIS HC A11/MF A01 CSCL 11F 

Thin, adherent, high density films are discussed with respect 
to their application in two plasma physics techniques lion plating 
and sputtering) The operation of each technique is described as 
well as what surfaces can be coated, and what kind of matanals 
can be applied The effects of these films on the mechanical 
properties of solid surfaces are also discussed R C T 


NB1- 129S4*| National Aeronautics and Space Administration 
Lewis Research Canter. Cleveland. Ohio 
SELF-LUBRICATING COMPOSITE MATERIALS 
Harold E Sliney In its Impact for the 80 s Proc of a Conf 
on Selected Technol for Business and Ind Nov 1980 p 75-95 
For primary document see N81 12978 03-991 
Avail NTIS HC A11/MF A01 CSCL 1 1D 

The mechanical properties of two types of self lubricating 
composites Ipolymc' natrix composites and inorganic composites) 
are discussed Specific emphasis is given to the applicability of 
these composites in the aerospace industry R C T 


N8 1 1 2985* I National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

PROPULSION SYSTEM RESEARCH AND DEVELOPMENT 
FOR ELECTRIC AND HYBRID VEHICLES 
Harvey J Schwartz In its Impact for the 80 s Proc of a 

Conf on Selected Technol for Business and Ind Nov 1980 

p 97 103 IFor primary document see N81-12978 03 99) 

Avail NTIS HC A11/MF A01 CSCL 13F 

An approach to propulsion subsystem technology is presented 
Various tasts of component reliability ara described to aid in 
the production of bettor quality vehicles component cheracteriza 
lion work ■ described to provide engineering data to manufacturers 
on component performance and on important component 
propulsion system interactions R C T 


N8 1 1 2986*# National Aeronautics and Space Administration 
I swis Research Center. Cleveland Ohio 

THE FEDERAL ELECTRIC AND HYBRID VEHICLE PRO- 
GRAM 

Harvey J Schwartz In its Impact for the 80s Proc of a 
Conf on Selected Technol for Business and Ind Nov 1980 
p 105-109 (For primary document see N81 12978 03 99) 

Avail NTIS HC A11/MF A01 CSCL 13F 

The commercial development and use of electric and hybrid 
vehicles is discussed with respect to its application as a possible 
alternative transportation system A market demonstration is 
described that seeks to piece 10 000 electric hybrid vehicles 
into public and private sector demonstrations R C T 
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NS 1 1 2968*# National Aeronautics and Space Administration 
Lawn Research Cental. Cleveland Ohio 

COAL GASIFIER COGENERATION POWERPLANT PROJ 
ECT 

Lloyd I Shura and Harvey S Bloomfield In its Impact lor the 
80 1 Proc of a Conf on Selected Tachnol for Business and 

Ind Nov I960 p 123 131 (For primary document see 

N8 11 2978 03 99) 

Avail NTIS HCA11/MFA01 CSCL210 

Industrial cogeneration and utility pr systems were analyzed 
and a conceptual design study was conducted to evaluate the 
economic feasibility of a coal gasifier power plant for NASA 
Lewis Research Center Site location, plant site, and electric 
power demand were considered in criteria developed for screening 
and selecting candidates that could use a wide variety of coals 
including that from Ohio A fluidized bed gasifier concept was 
chosen at the baseline design and key components of the 
powerplant were technically assessed No barriers to environmen 
tal acceptability are foreseen If funded the powerplant will not 
only meet the needs of the research center, but will reduce the 
commercial risk for utilities and industries by fully verifying and 
demonstrating the technology thus accelerating commercialize 
tion A R H 


N91 - 1 2990* # National Aeronautics and Space Administration 
Lewis Research Center Oavaland. Oho 

SOLAN PHOTOVOLTAICS: STAND ALONE APPLICA- 

TIONS 

James N Oeyo In its Impact for the 80 s Proc of a Conf on 
Selected Techno! for Business and Ind Nov 1980 p 145 156 
(For primary document see N81 12978 03 991 
Avail NTIS HC All MF A01 CSCL 10A 

The Lewis Research Center involvement in space photovoltaic 
research and development and in using photovoltaics for terrestrial 
applications is described with emphasis on applications in which 
the normal source of power may be a diesel generator batteries 
or other types of power not connected to a utility grid Once an 
application is processed technology is developed and demon 
strated with a user who participates m the cost and furnishes 
the site Protects completed related to instruments, commumca 
lion, refrigeration, and highways, are described as well as warning 
systems weather stations, fire lookouts end village power 
systems A commercially available photovoltaic powered electric 
fence charger is the result of Lewis research and development 

A R H 


Nil -29093*# National Aeronautics and Space Administration 
Lewis Research Canter Cleveland Ohio 
AEROSPACE IN THE FUTURE 

John F McCarthy. Jr May 1980 34 p Presented at CECON. 
Cleveland 20 21 May 1980 

(NASA TM 82664 E 575) Avail NTIS HC A03/MF A01 CSCL 
05A 

National reeaarch and technology trends are introduced in 
the environment of accelerating change NASA and the federal 
b. Jgel are discussed The U S energy dependence on foreign 
oil the increesmg oil coats, and the U S petroleum use by 
class are presented The S10 billion aeroepeca industry positive 
contnbution to the U S balance of trade of 1979 is given as 
an indicator of the positive contribution of NASA m research to 
industry The research work of the NASA Lewis Research Center 
in the arees of specs aeronautics and energy is discussed as e 
team effort of government the eisas of space aeronautics, and 
energy is discussed es a team effort of government, industry, 
universities and business to maintain U S world leadership m 
advanced technology A R H 


Nil- 12987* # Jet Propulsion Lab California Inst of Tech 

Pasadena 

JPl'8 ELECTRIC AND HVBRIO VEHICLES PROJECT 
PROJECT ACTIVITIES AND PRELIMINARY TEST RE- 
SULTS 

Thomas A Barber In NASA Lewis Research Canter Impact 
foi the 80s Proc of a Conf on Selected Techno! for Business 
and Ind Nov 1980 p 111 122 IFor primary document see 
N81 12978 03 99) 


Avail NTIS HC A11/MF A01 CSCL 13F 

Efforts to achieve a 100 mile urban range to reduce petroleum 
usage 40% to 70% and to commercialize battery technology 
are discussed with emphasis on an all plastic body, four passenger 
car that is flywheel assisted and battery powered, and on an all 
metal body, four passenger car with front wheel drive and front 
motor For the neat term case, a parallel hybrid in which the 
electnc motor and the internal combustion engine may directly 
power the drive wheels, is preferred to a series design A five 
passenger car in which the electric motor and the gasoline engine 
both feed into the same transmission is discussed Upgraded 
demonstration vehicles were tested using advanced lead acid, 
mckal zinc, nickel iron, and zinc chloride batteries to determine 
maximum acceleration, constant speed, and battery behavior The 
near term batteries demonstrated significant improvement relative 
to curran* lead acid batteries The increase in range was due to 
improved energy density, and ampere hour capacity, with relatively 
1 small weight and volume differences A R H 


N81-12989*# Jet Propulsion Lab. California Inst of Tech 
Pasadena 

THE DOE PHOTOVOLTAICS PROGRAM 
Robert R Ferber In NASA Lewis Reseaich Center Impact 
for the 80 s Proc of a Conf on Selected Techno! for Business 
and Ind Nov 1980 p 133-143 Sponsored in part by DOE 
IFor primary document see N81 12978 03 99) 

Avail NTIS HC A11/MF A01 CSCL 10A 

As part of the National Solar Energy program, the US 
Department of Energy is now engaged in the development of 
technically feasible low cost candidate component and system 
technologies to the point where technical readiness can be 
demonstrated by 1982 The overall strategy is to puisue parallel 
options that continue to show promise of meeting the program 
goals, thus increasing the probability that at least one technology 
will be successful Included in technology development are both 
flat plate solar collectors and concentrator solar collectors, as 
well as -he balance of system components, such rs structures, 
powei conditioning, power controls protection and storage 
Generally these last items are common to both flat plate and 
concentrator systems but otherwise there is considerable disparity 
in design philosophy photovoltaic cell requirements and possible 
applications between the two systems Ob|ec!ives for research 
activities at NASA Lewis for stand alone applications and at 
Sandia Laboratories where intermediate load center applications 
are addressed are highlighted as well as college pioiects directed 
by Oak Ridg* National Laboratory and international applications 
managed by the Solar Energy Research Institute Joint OOD/DOE 
effects for military applications are also summarized A R H 


N81-12991*# TRW Defense and Spaco Systems Group Redondo 
Beach Calif 

MATERIALS PROCESSING IN SPACE FUTURE TECHNOL- 
OGY TRENDS 

Neville J Barter In NASA Lewis Research Canter Impact for 
the 80 s Proc of a Conf on Selected Techno! for Business 
and Ind Nov 1980 p 159 177 IFor primary document see 
N81 1297B 03 99) 

Avail NTIS HC A11/MF A01 CSCL 22A 

NASA s mstenals processing in space IMPS) program 
involves both gro-md and space based reseaich and looks to 
frequent and cost affective access to the space environment for 
necessary progress The first generation payloads for research 
are under active design and development They will be hosted 
by the Space Shuttle/ Spacelab on Earth orbital flights in the 
early 1 98C s hese missions will focus on the acquisition of 
materials behavior research data the potential enhancement of 
Earth based technology and the implementation of space based 
processing foi specialized high value materials Some matenals 
to be studied in these payloads may provide future breakthroughs 
for stronger alloys ultrapure glasses superior electronic compo 
nents and new or belter chemicals An ope etional 25 kW power 
system is espected to be operational to support sustained 
systematic space processing activity beyond shuttle capability 
for second generation payload systems for SPACELAB and free 
flyer missions to study solidification and crystal growth and to 
process metal/ alloys glasses/ceramics and chemicals and 
biologicals A R H 
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1.0075 881-18331 

IK ST IDT, K. I. 

Bvaluatioa of advanced coabustors for dry BO/x/ 
suppression vith nitrogen bearing fuels in 
utility and industrial gas turbines 
£ A SBB PAPBB 81-GT-125] p0087 A81-30029 

BLCfiSBl, f. 

heroeiaatic and dyaaaic finite eleneat analyses of 
a bladder shtouded disk 

£ 8 A SA— CB- 1 59 72 8 ] p0092 881-19479 

Bastran level 16 theoretical saaoal updates for 
aeroelastic analysis ci bladed discs 
£ BiSA-CB-1 59 823 ] p0093 881-19460 

v ISTBA8 level 16 user's annual updates for 
aeroelastic analysis of bladed discs 
[BASA-CB-159824] p009J 881- 19481 

8ASTBAB level 16 denoastration aanual updates for 
aeroelastic analysis of bladed discs 
£ 8ASA-CB- 1 51 826 ) pP093 881-19483 

ELLIOTT, J. P. 

A rapid aatkod for the approxiaate dvternination 
of nonlinear solvticns Application to 
aerodyaaaic flow 

p0007 A61-11628 

A rapid perturbatioa procedure for deteraining 
nonlinear floe sclutions: Application to 

transonic turboaaebinery floss 

£ BASA-CB-3425 ] pOOOl 881-22012 

■BGLia, I. A. 

Applications Technology Satellite sad 


Coaauaicatioas Technology Satellite user 
exparinentn for 1967 • 1980 reference book, 
voiuae 1 

f 8ASA-CB-1t5169-»0L-11 p0033 881-12135 

Applicationa Technology Satellite and 
coaaunicat ions Technology Satellite user 
experiaeets for 1967-1980 reference book, voiuae 2 
£ 84SA-C8-165169-KOL-2 ] p0033 881-12136 

Applications Technology Satellite and 
Coaaunicat ions Technology Satellite user 
experiaents for 1967-1980 reference book. 

Toluae 3i Osar torn surveys 

I8ASA-CB-165169-VOL-1] p0033 881-12137 

Applications Technology Satellite and 
Coaaun ications Technology Satellite user 
experiaents for 1967-1980 reference book. 

Voiuae 4: Abstracts 


£ BASA-CB- 16S169-V0L-4] p0133 861-12138 

BIflU 31, B. B. 

Goals of tberaiosic prograa tor space power 

pO 133 A81-44n56 

Goals of theraionic prograa for space power 

£ 8ASA-TB-82616) p0132 881-25808 

BBS1GB, C. B. 

BEG A 16 - Coaputer prograa for analysis and 
extrapolation of stress-rupture data 
( BASA-TP-1 809] p0 1 02 881-23486 

An introduction to BhSA's turbine engine hot 
sectiob technology (HOST) project 

p0019 881-31206 

BTS10R, 1. 

Sibulation and visnalixatlon of face seal notion 
stability by aeaas of coaputer generated eovies 

p0087 A81-38359 

Coaputer prograa docuaentation for the dyaaaic 
aaalysia of a noncoatactiag aecbanical face seal 
f 8ASA-TB-81636 ] p0061 881-17435 

self-atabllixiag radial face seal 
£ 8ASA-CASB-188-12991-1 ] p0083 881-24442 

BOSBFX, 8. 8. 

An axper iaeatal evaluation of oil puaping rings 
[NASA-CB- 165271] p0088 881-21355 

■TAIICB, >. 

Icing tunnel tests of a glycol-exuding porous 
leading edge ice protection systen on a general 
aviation airfoil 


£ A IAA PAPBB 81-0405] pOOII A81-20837 

Evaluation of a pneuaatic boot deicing systen on a 
general aviation ving node! 

£ BASA-IB-82363 ) pOOII 881-25065 

IVAUCB, B. L. 


Pneuaatic boot for helicopter rotor deicing 

p0009 881-19059 

■VABS, A., JB. 

Perforaance tests of a gas blending systen based 
on aasa-flov controllers 

[BASA-TP-1 896] p0066 881-29246 

■TABS, D. 8, 

Applicability of advanced autonotive heat engines 
to solar t her Ml power 

[ BASA-Ti-8 1658 ] p0097 881-14397 


BVAIS, J. C., JB. 

Solar cell systen having aiternnting current output 
( 8 'SA -CAS 8- 118- 12806-2 ] p0096 881-12542 

High voltage planar aulti junction 

[ 8ASA-CASB-IEB-13400- 1 ) p0098 881-16528 

High voltage f-groove eolax cell 

£ 8ASA-CASE-LE8- 1340 1- 1 ] p0098 881-16529 

Heat transparent high intensity high efficiency 
solar cell 

(8ASE-CASB-1E8- 12892-1] pOIOS 881-27598 

■TBBSBAI, 8. 

Application of 'steady' state finite eleaeat and 
transient finite difference theory to sound 
propagation in a variable duct - A coaparlsoa 
vith exper leant 

[AIAA PAPEE 81-2016] p0128 A81-48622 

B8A38IBEA. J. «. 

Chacacterixation, perforaance, and prediction of a 
lwd-acid tatter y under sieulnted electric 
vehicle driving requireaeats 


£ 8ASA-T8-6 1771 ] 


pO 106 881-28523 


F 

f ADDOOOL, J. B. 

Tent evaluation of a leal sated wood wind turbine 
blade concept 

(8ASA-T8-81719) p0104 881-24535 
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Hill. 0. 

Photovoltaic tpplicitloll • Foot Ml tltlM 

p0109 161-27231 

Ml, J. C. 

Oaks otallov-hoao junction solar calls 

(BiSi'CB- 165167 } pOIIO 881-15863 

PAH ILL, C. 

Pail potaotlal solution of • transonic gaaml-3-D 
flou tkroagfe a cascade vaiag artificial 
con press ibil it y 

(4388 PiPII 81-61*70] p0006 481-299 79 

NUN, C. 1. 

8*ceat develoiaeata ia aircraft englae aoiaa 
redact io a technology 

P0009 881-19072 

PUB 81, k B. 

The 008 photovdtaica progxaa 

p0143 881-12989 

PU848T8, J. 

Practical applications of surface analytic tools 
ia tribology 

p0086 481-18739 

PI3TB1, k 4. 

Shuttle coapa tibia cryogenic liguid storage and 
supply systena 

(4144 P4PB8 81-1509] p0037 481-42207 

Pile 88, B. «. 

Analytical design of an advanced radial turbiae 
( 84S4-CB-145170 ] pOISO MI-20958 

1 1088 81 1 BO, 4. 

An asaeaaueat of the use of anti slating fuel in 
turbofan engines 

( 84S4-CB-1 65258 ] p0067 881-19316 

P ISC 188, 6. 8. 

Design studios of continuously variable 
transaissicna for electric vehicles 
( B4S4-T8-8 1682 ] pOOSO 881-13357 

PISB84CB. 1. 8. 

808P16 and 8BKC8P1G : luo Interactive 

preprocessing to the Bavy/BASA Engine Progran 
(8884) 

[ 8 4 54-18-826 36 ] p0120 881-25698 

plan ia, k a. 

Bxper lsental ccaplianca calibration of the coapact 
fracture toughness apeciaen 

( 84S4-TB-8 1665 ] p0091 881-16892 

7UCI, J. 8. 

Tungsten air a- reinforced superalloys for 1093 C 
(2000 P) turbine bind* applications 
[ 8AS4-CI-159720 ] p0087 881-10112 

ILBBI86, 0. P. 

Structural dynauics verification facility study 
[ 8434-TB-82675 ] p0092 881-33897 

PkOOD, D. J. 

6«As honoiunction solar cell develop nest 

p0Q99 881-17561 

Proton radiation danage ia bulk n-Gabs 

p0099 881-17568 

PUBIS, P. <1. 

Effect of hydroprocessing severity os 

characteristics of jet tael tree OSCO 2 end 
Pereho distillates 

( 84SA-TP- 1768] p0066 881-28283 

P068U0B, S. 4. 

Bod if icatioa of the ICAS teferance steae poser 
gen ara ting plant to comply eith the 8P4 1979 nee 
source par for eases standards 

(B8SA-CB-1 59853) pOIIO 881-13867 

P081S1IBB1. 8. P. 

Seceat devalopnents in ligStvalght sclar call 
nodules 

p0099 881-17571 

POBB4B, B. 

Ion spatter lettered graphite 

[ 8 ASA -CSSI- LIB- 1 2919- 1 ) p0086 181-27198 

POBP1BI, 4. 

Beat aschangar aad as tied of aaking 

[I4S4-C4SI-L88-12881-3] p0108 881-28519 

POX, «. 4. 

Bsperieaatal iavastigatirn of late modulation 
affects aad related efficieaciea associated vith 
too- and tkree-aigoal operation of a traveling 
vsve tube 

( 84S1-TB-81576 ] p0049 881-10280 

Pstforaancs of coapeter-dealgasd ssall-alaed 
four-stags deprssasd cclisctot for operation of 
dual-sods traveling nave tube 

(M4S4-TP-1832 ] pG072 881-30360 


PB 4 UCI, g. c. 

siniature drug-force tnesoseter 
( 84S4-TB-6 1680 ] p0079 811-16828 

PUBCXSC88, U C. 

Turbins bypass engine - 6 nuu supersonic ccuins 

propulsion concept 

(4X44 P4PII 81-15961 p0023 481-60971 

Tbs superaoaic fsa angina • Is advanced concept in 
atpersosic a sine propulsion 

(4X44 P4PIS 81-1599) p0023 481-80973 

Turbiae bypass capias* 4 scu auparsoaic cruias 

propulsion concept 

( I A34-T8-82608 ] p0018 841-26185 

T4e aapersosic tea enginet 4a advanced concept ia 
napersonic cruise propulsion 

( 4434-98-62857 ] p0018 881-27098 

fatal, «. 

4a asseasaeat of tbe use of aatinieting fuel in 
turbofan engines 

(K4S4-CB- 185258] p0067 881-19316 

PBBCBBTT8. k <1. 

fabrication of injection noidad sintered alpba Sic 
turbine conponeats 

( 4381 P4PII 81-89- 161 ) p0089 481-30060 

P1X1SB4B, k I. 

Tungsten uire-reinforced superalloys for 1093 C 
(2000 p) turbine blade applications 
( I4S4-C4-159720 ] p0087 881-10112 

P 81 ID 848, B. 

Aviation tar hist fuel properties and tbair t rands 

[B4SA-TB-82603] p0066 181-25232 

FBIBBB6. 6. C. 


Da positioa aad aatsrlal ran posse froe Bach 0.3 
baraar rig combustion of SBC 2 fuels 
(I4S4-TB-81638] p0051 181-15069 

rBCXBtll, C. B. 


Ceraaic ragaaarator aystsss developasst progrss 
( 84S4-CB-1651 39 ] p0181 881-22982 

run, a. 


Developasst of los-coat directionally-solidified 
turbine blades 


pO088 481-10707 

foist, n. o. 

General Aviation Turbine Baglas (GATE) study 

(84S4 -Cl- 159882) p0029 181-19117 

POS4BO, 8. U 

Bffect of substrata surface finish on tbs 

lubrication and failure aechaniaaa of aolybdsnun 
disulfide files 

(4511 PBimiT 81-4B-5»'-1 } p0068 481-33859 

Bffact of ssbstrsto surface finish on tbs 

lubrication end failure aechaalsta of aolybdenua 
disulfide files 

( B154-T8-81595] p0060 MI-10170 

Bffect of load, area of costact, end contact 

stress oa the sear aechaniaaa of e bonded solid 
labricast fils 


( 8AS4-«8-81St3) P0060 881-12226 

Tribological properties aad theiaal stability of 
vatioaa types of polyiaide riles 

(BAS4-T8-817651 pQ102 861-23275 



Matt generation connunicetioae eatelliteat 
Bolt ip is access and nstvorb stadias 
(8454-0-185185) p0033 181-12139 

«4B8, 8. P. 

Xircosiaa csrbida as an alsctrocataiyst for tbs 
cbrososa/cbroaic redos couple 

(8454-058-118-13286-1) p0089 181-26203 

Preparation and characterisation of electrodes tor 
ths BASh Badoi storsgs syttsa 

( 84S4-T8-82702) P0107 181-30522 

OftLXO, 8. B. 

84ST148 level 16 user's annuel updates for 
aeroelastic analysis of bladsd discs 
(84S4-C8- 159824) p0093 161-19881 

M4ST848 lavel 16 prograsaer'a saaual updstss for 
aeroslastic analysis of bladsd discs 
(BiSh-C8- 159825) p0093 181-19882 

8459858 lsval 16 dsaoastratioa saaual updates for 
aeroelastic aaalyais of bladsd discs 
(B4S4-CB- 159826) p0093 881-19883 

0480888, B, 

energy efficient engine diff usec/conbustor aodel 
technology 

( 8454 -CB- 16 5157 J pOQ26 881-15002 
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Som noditicetiona to, and operational experiences 
nith, the tvo-dlaenslcnal, finite-difference, 
boundary-layer coda, sTHS 

[ ASBB Fins 81-GT-89) p0077 481-29996 

uiniu, t. j. 

t* Introduction to NASA's turbine uqig* hot 
MCtioa technology (BOST) project 

pools 881-31206 

GAOltBll, k J. 

Design sad development of tha coabastoc ialat 
diffuser for tha BASA/Gt energy efficient angina 
[ASBB PAPER 81-6T-129] p0020 A8 1-30033 

aim, <i> 

Tha fracture norpholoqy of alckal-baaa superalloys 
tastad in fatigue and creep- fatigue at 650 C 
[ NASA-YB-8 1760 ] pOIOI *81-23244 

eiofiu, a. a. 

Tharaal barrier coatiugs - Burner rig hot 
corrosion test results 

p0063 A81- 12630 

Berner rig evaluation of tharaal barrier coating 
1 B1SA-TB-8 1684 ] p0055 8*1-28231 

A nav diffusion- inhibited oxidation-resistant 
coating for auperalloys 

t BASA-TB-82687] pOO 56 881-33273 

tniin, >. b. 

Finite alenent analysit of inviscid subsonic 
boattail floe 

[AIAA PAPES 81-0276] p0006 A81-20831 

Finite eleaent analysis of inviscid subsonic 
boattaii floe 

[ B ASA-TB-8 1650 ] p0003 881-14977 

GIAIATI, C. C. 

Application of ccapeter generated color graphic 
techniques to the processing and display of 
threa diaensional fluid dynaaic data 
[ IASA-TB-82658 ] p0119 881-29782 

gillabdees, a. 

High efficiency vraparound contact solar cells 
/HEBACS/ 

pQH4 A81-27C94 

The B88AC pilot line experience 

pOIII 881-17574 

01118. J. 1. 

Catalyst surfaces for the chroaous/cbroaic redox 
couple 

[ BASA-CASB-EEH-12 148-2 J p0107 8ei-29524 

CIHIIABO. a. 

Coplanar back contacts for thin silicon solar cells 
[IASA-CR-165272] p0112 8*1-18495 

Silk, 0. A. 

Conceptual design of the BHD Engineering Test 
Facility 

[ BASA-TB-82621 ] p0132 181-2492t> 

SLA SC OB, T. K. 

Bffact of Billing and leaching on the structure of 
sintered silicon 

[ 8ASA-TH-8 1602 ] p0060 881-13166 

GLAS1B, F. 8. 

Bean rotor sake characteristics of an 

aerodynaaically leaded 0.5 a disaster fan 
[AIAA PAPEi 81-0208] p0006 A81-20B30 

Effects of blade-vane ratio and rotor-stator 
spacing on fan noise nith forvard velocity 
[AIAA PAPEA 81-2032] p0024 A81-48628 

Bean rotor sake characteristics of an 

aerodynaaically loaded 0.5 a diaaeter fan 
[ BAS A-TH-8 16 57 ] p0015 881-16053 

Effects of blade-vane ratio and rotor-stator 
spacing of fan noise nith foreaid velocity 
[ IASA-TB-82690 ] p0126 881-31956 

aUSSOB, J. C. 

Coaparison of npvind and downnind rotor opetntions 
of the DOE/BiSA 100-kH Bod-o nind turbine 
[IASA-TB-81744] pOlOO B81-22472 

« LASSO*. t. A. 

Effect of tilling and leaching on the structure of 
sintered silicon 

p0064 A81-22529 

Oxidation and bot cortcsicn of coated and bare 
oxide dispersion strengthened superailoy BA-7551 

pOOSS A81-433C4 

progress in Mterials and stractures at Leeis 
Basearch Ccater 

p0 142 181-12982 

A tee diffusion-inhibited oxidation-resistant 
coating fot sapernlicys 

( BASA-TB-82667 ] p0056 881-33273 


GLASS POU, A. P. B. 

Evacuation- induced p re enure differentials in 
aultiiayer insulation ayeteno 

p00 78 A81- 18021 

GLASSBAI, A. J. 

Loan nodal for off-deaign perf oraance analysis of 
radial turbines nith pivot lag- vane, 
variable-area stators 

[ SAI (APBI 801135] p0021 AB1-34166 

soae advantages of aetbane la an aircraft gaa 
turbine 

[SAB PAPEA 801154) p0022 A81-34177 

Off-deaign perfocaaace loss nodal for radial 
turbines nith pivoting, variabla-arsa stators 
[BASA-TP-1708] pOOIJ 881-11038 

BASA contributions to rndinl turbine aerodynamic 
analyses 

[ BASA-TB-8 1644 ] p0003 881-13019 

turn, p. a. 

Sixer nos tie aaroacoMtic characteristics for the 
energy efficient engine 

[AIAA PAPER 81-1994] p0128 A81-48639 

GODL1BSEI, B. f. 

The effect of tiaority carrier nobility variations 
on the perf or nance of high voltage silicon solar 
cells 


p0098 B81- 17536 

The effect of ninorlty carrier aobility variations 
os solar cell spectral response 

[ 8ASA-IB-82604] p0103 B81-23625 

COLDSTBIB, B. X. 

The coupliaq betneen flon instabilities and 
incident disturbances at a leading edge 

pOOlO A81-28682 

COBEAtBt-SA BABBZA, 0. k 

Alkaline battery containing n separator of a 
cross-linked copolyaer of vinyl alcohol and 
unsnturated carboxylic acid 

[ BASA-CASB-LE8- 13102- 1 } p0107 881-29531 

GOODISOCBTE, J. 

Effect of a seni-annular tbersal acoustic shield 
on let exhaust noise 

[ BASA-TB-8 1615] p0125 881-11770 

COOGBM1. A. 

Perturbation solutions of conbustion instability 
problens 

( 8ASA-TB-159643] p0050 881-16176 

GOPAL, I. S. 

Bext generaticn consunications satellites: 

Bultiple access and netuork studies 
[NASA-CK- 165145] p0033 881-12139 

GOBAD1A, C. 

Theoretical results on the double-collecting 
taadca junction solar cell 

p0099 881-17538 

Sadiation danage in silicon 81P solar colls 

p0099 881-17557 

Perfornasce of high resistivity nepp* silicon 
solar calls under 1 BeV electron irradiation 


[ NASA-T8-82b10] p0103 881-23626 

'■ SADIA, C. P. 

High voltage planar nnltilunction 

[ 8ASA-CASE-LB8- 13400-1] p0098 881-16528 

Uigb voltage V-groove solar cell 

(81SA-CASE-1B8-13401-1 ] p0098 B81-16529 

GO ADO I, L. B. 


The Bod-2 nlnd turbine developaent project 

[ BASA-TB-82681 ] p0106 881-27606 

com, a. 

Evaluation of advanced coafaustors for dry BO/x/ 
suppression eith nitrogen bearing fuels in 
utility and industrial gns turbines 
f ASHE PAPES 81-UT-12S) p0067 A81-30029 

6 RABBI, 1. J. 


The BASA high-speed turboprop proqran 

( SAI PAPER 8011201 p0021 481-34136 

GAAIA1, B. I. 

Engineering aanaqeaeat and innovation 


p003b A81-20400 

Analysis for predicting adiabatic vail 

tenpacatures eith ainqle hole coolant injection 
into a Ion speed crossflon 

(ASBI PAPEI 8 1-GT-91 ] p0077 ABl-29996 

Soae advantages or nethane in *n aircraft gas 
tnrbine 


(SAE PAPER 801154 ] 
carved tiln ccoiisg sdnission tube 
(8ASA-CASB-1E8-13174-1 ] 


p00 22 481-34177 
p0o74 861-12363 
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HBiim, l. 


Analysis tor predicting adiabatic vail 

taaparatucaa vith single hole coolant injection 
into a lou speed croaaflov 

(Hi Si* TH *81620} p0074 *81-13301 

tun, a. r. 

Turbina blade teaperatura aeasuieaents using thin 
ilia taaperaturc senseis 

( HiSi-CS- 165201 1 pO059 *81-19277 

tuim, a. o. 

Energy all iciest engine: flight propulsion systen 

preliminary analysis and design 

[MiSh-CB-1 59583] p0029 *81-18056 

tut, a. a. 

advanced aircraft angina aatarials trends 

( HiSi-TH-82626 } p00 55 H61-27259 

cBiaa, a. k. 

Second year technical xepect on-board processing 
for future satellite coftaunicationc systaas 
[ HlSi-CH- 165 155 ] p0070 *81-10242 

OBisauftit-saac. i. a. 

accuracy of trace eienent deterninstions In 
alternate fuels 

FOOSt 181-22530 

accuracy of trace eienent determinations in 
alternate fuels 

(liSi-TB-81609] p00«9 *81-13106 

caaeoaiK, e. a. 

in analytical approach to airfoil icing 

[illi PIPES 81-0403] p0117 181-20810 

on *a Li. a. a. 

Perforsance prediction of straight tuo diaensional 
diffusers 

( MtSh-CB-165 186 ] p01J3 *81-11833 

0B0B3BIC 1 , 0. 

Coeparison of predicted engine core noise eith 
proposed ran helicopter noise certification 
reguiresents 

p0128 181-38062 

OOISBICl. 0. B. 

Coeparison of predicted engine core noise Kith 
current and proposed aircraft noise 
certif icat icn requirements 

[1111 PIPE* 81-2053] p0024 181-48635 

In iaproved prediction nethed for noise generated 
by conventional profile coaxial jets 
[alia PIPES 81-1991] p0129 181-49743 

Conparisoc of predicted engine core noise vith 
proposed ria helicopter noiBe certification 
reguireaents 

(•asa-TB-81739) p01 30 181-22839 

Cosparison of predicted engine core noise vith 
current and proposed aircraft noise 
certification reguicenents 

[H1S1-T8-82659] p0126 *81-29922 

In iaproved prediction sethod for noise generated 
by conventional profile coaxial jets 
(I1S1-TB-82712) p0127 *81-32964 

41 0B El, 8. P. 

Sinplified pever supplies fox ion thrusters 

(1111 PIPES 81-0693] P0040 181-29542 

Sinplified poser supplies for ion thrusters 

(21S1-TB-81725] p0039 *81-20177 

SQIlSIBBt, O. ft. 

Status of noise tecbnolcgy for advanced supersonic 
cruise aircraft 

P0001 *81-18002 

H 

ms, j. s. 

in expeiiaeatal evaluation of the perforsance 
deficit of an aircraft engino startsr torbina 
[SIS PIPES 801137] P0021 181-34168 

Seasons for los aetodysaaic perferaasce of 
13.5-centisater-tip-diaseter aircraft engine 
vtarter turbine 

[BlSl-TP-1810] pools S81-2007b 

Cold-air pecfoxaance of ccsptasaor-dti ve turbine 
of bepartaent of Suergy upgraded autoaobile gas 
torbiae engine. 1: Volute-nanifold and atator 

perforsance 

[iasa-TS-82682] pOO 04 S81-28053 

MCI, J. I. 

Fabrication of aluainua oxide fibec reinforced 
aluninun natxlx coaposites 

(iasa-CB-1c5184] p0048 S81-19229 

■hcipaai, a. ■. 

B1S1 praprototype redoi storage ayatea for a 
photovoltaic stand-alone application 


( BlSl-T 8-82607 ] p0*04 *81-24534 

a Bedox systen design for <u\ar storage applications 
(Sasa-Tft-82720) pOIOS I81-J2608 

aacoaso, J. a., ji. 

Forced and natural convection in laninnr-jet 
diffusion flaaes 

( B1S1-TP-1841 J p0076 *61-24388 

B1LPOIO. «. ft. 

Progress in aatarials and structures at Levis 
Sesaarch center 

pO 142 *81-12982 

■iBLTi, a. a. 

Propellant anaageneat for lov thrust cheaical 
propulsion syateas 

(till PIPES 61-1*53] p0042 161-42198 

BIBIOCB. B. J. 

Blastohydrodynaalc lubrication of elliptical 
contacts 

[ aasa-TB-81647] pooeo a8i-i335e 

history of ball bearings 

(Blsa-TB-81689] pooei h81-18391 

Introduction to ball bearings 

( HlSi-TB-81690] pOOSI 181-18392 

Effect of surface roughness on bydrodynnnic bearings 
[sasa-ia-eiiii] p0082 aei-2i35b 

Lubrication fundaaentais 
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p0112 *81-21533* 

p0080 *81-14322* 
p000« *81-22017* 
pOOSI *81-18391* 
1.3081 18 1-18392* 
p0085 *81-31550* 
pO076 *81-28389* 
pOOSI 181-11178* 
p00S2 *81-16210* 
p0013 *81-11039* 
p006 1 *81-17264* 
p0062 *81-20275* 
p0060 *81-11214* 
pO0 13 *81- 12089* 
p0091 *81-11417* 
p0053 *81-20245* 
p0013 *81-11038* 
p0071 *81-11315* 
pOOIS *81-16050* 
pO1 17 *81-21685* 
p0098 *81-17531* 
p0053 *81- 19273* 
pOOSI *81-16474* 
p0123 *81-10778* 
p0060 *81-14079* 
pOOl* *81-1209 0* 
p0076 *8 1-24 38 7* 
pOOS3 *61-21193* 
p0116 *81-13568* 
p0082 *81-20*23* 
p00 76 *81-2 4 388* 
p0 142 *81-12978* 
p0 102 *81-23486* 
p0080 *81-11394* 
pO0 16 181-19121* 
p0082 *81-19458* 
p0060 *81-12726* 
p003S *81-20)73* 
p0075 *81-16417* 
p0051 *81-12210* 
p0016 *81-20076* 
p0061 *81- 10300* 
n0051 *01-11111* 
pOIIO *81-18933* 
p0069 *81-10240* 
poo 51 *81-15068* 
p0038 *81-20176* 
p0125 *61-15768* 


■-a 


ORIGINAL PAGE IS 
OF POOR QUALITY 


« 


ORIGINAL PAGE IS 
OF POOR QUALITY 


UMH/lCCUtll 


II 


1-541 . p0013 MI-10067*# 1-712 

1-563 pO 016 MI-24065** 1-715 

1-567 pO 096 l*1-11**e*« 1-716 

1-568 . p0003 MI-14979*# 1-717 

1-569 p0125 181-10*07*# 1-718 

1-570 p0045 181-12171*# 1-720 

1-572 p0004 MI-28053*# 1-723 

1-575 P0143 181-29063*# 1-725 

1-577 p0072 MI-28352*# 1-726 

1-580 p009 1 MI-11412*# 1-727 

1-582 pOCII 181-20359*# 1-728 

1-583 pOOOS MI-31129*# 1-729 

1-586 pCC69 181-10241*# 1-730 

1-587 pOCt 3 181-33293*# 1-733 

1-588 pooeo 181-13357*# 1-734 

1-589 pOC69 181-10239*# 1-735 

1-590 p0005 181-31128*# 1-736 

1-591 p0C60 181-13166*# 1-738 

1-594 pCC56 181-13463*# 1-739 

1-598 p0037 181-11688*# 1-740 

1-599 pCC96 181-11449*# 1-742 

1-603 p0040 MI-31282*# 1-744 

1-604 pCCSO 181-11395*# 1-745 

B-605 p0049 181-13106*# 1-746 

1-607 p0125 181-11769*# 1-747 

1-609 pCC98 181-16571*# 1-748 

1-612 p0003 181-14978*# 1-750 

1-613 p0125 181-12821*# 1-751 

1-614 pCC97 181-14399*# 1-752 

1-615 p0120 181-33838*# 1-753 

1-616 p0125 181-11770*# 1-755 

B-617 pCC66 181-2*283*# 1-756 

1-623 p0C5S 181-29205*# 1-759 

1-624 p004S 181-16132*# 1-763 

1-625 P0049 MI-17189*# 1-764 

1-627 P0076 181-29384*# 1-765 

£-628 p0074 181-13301*# 1-767 

1-629 p0066 181-29246*# 1-768 

1-630 pCC81 181-17436*# 1-771 

1-631 pOC74 181-12358** 1-772 

£-632 P0061 MI-17266*# 1-773 

£-633 pCC91 181-12446*# 1-778 

£-637 p0 124 181-128 17*# 1-782 

1-640 p0033 181-13079*# 1-786 

£-641 P0044 #81-16123*# 1-787 

1-643 p0072 181 -30360* • 1-791 

£-644 P0C49 1-13105*8 1-792 

1-645 p0014 181-13056*# 1-793 

£-647 p0051 181-15069*# 1-794 

1-650 P0C81 281-17435*# 1-795 

1-651 P0003 181-14977*# 1-796 

1-656 p0075 181-21313*# 1-797 

£-657 pCC97 MI-15464*# 1-798 

1-658 p007* 191-13302*# 1-799 

£-659 pCC96 181-13*64*# 1-802 

1-661 p0097 181-1*396*# 1-803 

1-662 pOC37 161-16119*# 1-806 

£-663 p0C80 181-13358*# 1-809 

1-664 pOOS2 16 1- 1621 2*# 1-813 

1-666 p0016 181-2*063*# 1-814 

1-669 pOOeO 181-15367*# 1-815 

1-673 pOC16 181-21078* 1-818 

1-67* p0015 181-16053*# 1-819 

£-675 pCC97 181-14397*# 1-820 

1-676 p0 1(7 181-30562*# £-821 

1-677 pCC97 181-1*398*# 1-822 

1-679 p0 115 18 1-306S7*# 1-823 

£-680 pO0 15 181-1605**# 1-824 


1-825 

1-826 

1-827 

1-831 

1-832 

1-835 

1-836 

1-837 

1-838 

1-839 


1-697 p007S 181-16421** 1-841 

1-698 p0082 181-21356*# 1-842 

1-699 #0091 MI-16494*# 1-8*5 

1-700 pCC92 181-17480*# 1-846 

1-701 p006 3 181-2 7 2 82*# 1-847 

1-702 p 0 13 2 181-19920*# 1-8*8 

£-705 p00S3 181-19278*# 1-849 

£-706 pOC79 181-16428*1 1-851 

£-707 P007S 181-2131**# 1-852 

£-708 p3C7 1 MI-16388*# 1-853 

£-710 p0102 181-23275*# 1-854 


1-681 p0015 181-16055*# 

1-684 pOC97 MI-15465*# 

1-685 pOC91 181-16*92*# 

£-686 pOOl 5 181-16052*# 

1-688 p0098 181-16570*# 

1-689 5007* 181-15240*# 

£-691 p0 037 181-17127*# 

1-693 p((09 181-16021*# 

£-695 pOC38 181-19222*# 

1-696 p0074 181-15239*# 


p0055 181-2*231* 
p0054 MI-26235*# 
p0061 181-17265*# 
p0106 MI-28523*# 
pOOSS M 1- 27258* t 
p0102 18 1-23462*# 
pOIOS MI-25488*# 
p0052 181-18165** 
p0084 181-29439 *1 
P0037 181-20172*# 
p0083 881-27525*# 
p0038 181-19219*# 
pOIOI MI-23188*# 
P0127 181-339*7*# 
pOO*S MI-1717**# 
p0039 181-21121*# 
p0009 181-19078*# 
p0108 MI-33601*# 
p0107 181-3052 2*# 
p0130 181-25779*# 
p0062 181-21198*# 
pOIOI MI-23243*# 
p012S MI-19875*# 
p0103 181-23608*# 
p0104 MI-24536*# 
pOIOI MI-23245*# 
p0075 181- 21310*# 
p0063 MI-31366*# 
p0082 181-19459*# 
p0104 181-24535*# 
p0038 MI-19220*# 
p0044 181-21129*# 
p0038 181-19221*# 
p0046 Ml- 25 149*# 
p00S3 18 1-22 16 1** 
P0039 181-20177*# 
pOIOI MI-23205*# 
p0130 181-22836*# 
p0082 181-22317*# 
p0039 181-20179*# 
p008* 181-29438*# 
p0082 181-20424*# 
P0045 181-2117**# 
p0102 MI-23435*# 
P0121 181-21803*# 
pOI 30 181-22839*# 
p0105 MI-27604*# 
pOIOI 181-23244*# 
p0039 181-22084*# 
p0102 181-23417*# 
p0102 MI-23418*# 
P0126 18 1-2083 1*# 
pOlOO 181-22472*# 
p0003 MI-21028*# 
pOQ39 181-20 178*# 
p0053 181-21173*# 
pOlOO MI-21537*# 
pOlOO 181-22*77*# 
p0039 MI-20180*# 
p0103 181- 23609*# 
p0016 MI-22056*# 
p0062 181-22193*# 
p0l03 181-23610*# 
p0049 MI-25168*# 
p0130 181-22838*# 
pOO 17 18 1-25084*# 
p0071 M 1-21 28 1*# 
p0017 181-25079*# 
p0103 18 1- 23490*# 
pOlOO MI-22478*# 
p0132 181-24927*# 
p0 106 181-28520*# 
p0068 181-25263*# 
p0040 181-2617**# 
pOlOO 18 1-22476*# 
p0045 MI-25148*# 
p00 54 981-25191*# 
P0140 181-26986** 
p0046 181-25151*# 
P0104 181-23627*# 
p0019 181-31196*# 
p0046 181-25150*# 
POIOI M 1-23085*# 
P0105 MI-2 4 539*# 
p0103 16 1-2361 1*# 
p0066 MI-25232*# 
P0103 181-23625*# 
p0055 181-28233*# 
p0104 181-2*534*# 


1-3 


» 
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U ton/ACC BSIIOI Mill) 1BBII 


*••» (0018 18 1-261*5*1 

1-656 (>0103 MI-23426*# 

•-•5? (0076 861-30390*1 

1-659 (0126 881-260***# 

1-661 pOOO* 881-25034*# 

1-663 (0130 881-22837*# 

1-865 (0(83 861-2752**# 

1-667 (01*0 881-2*99**# 

1-666 ... (0132 881-25008*# 

1-669 (0017 861-2S081*# 

1-870 (00*0 881-30182*# 

1-672 (0132 861-2*926*# 

1-673 (0083 881-26*59*# 

1-677 (010* 881-2*533*# 

1-879 (0055 861-27259*# 

1-860 (0017 861 -25061* • 

1-661 (00? 3 881-27277*# 

1-883 (00*6 881-3219**# 

1-06* , (005* 881-25189*# 

1-866 *0091 88 1-26*92* « 

1-687 (0054 881-26236*# 

1-669 (Ok.’O 861-25698*# 

1-690 (0 10 s 86 1-25 *07*# 

1-891 (0016 1-26 1*6*# 

1-693 (0108 881-30563*# 

1-69* (008* 881-27526*# 

1-895 (0017 881-25062*# 

1-898 (00*0 861-26173*# 

1-900 (0083 881-27523*# 

1-902 (0139 881-32(07*4 

1-90* (0018 881-28095*# 

1-905 (008* 88 1-28444*# 

8-906 (0106 881-28522*# 

1-907 (008* 88 1-284*3* t 

1-910 (0(90 881-28*58*# 

1-911 (0017 881-2SC60*# 

8-91* (0107 881-29528*# 

8-917 (C0 12 88 1-31 ISO* • 

1-918 (0004 881-31126*# 

1-922 (0105 881-27605*# 

1-923 (0018 881-27094*# 

1-926 (0119 881-29782*# 

1-927 (0126 881-29522*# 

1-929 (0085 88 1-294*0*# 

1-93* (0055 88 1-29206*# 

1-938 (0018 881-27095*# 

1-9*0 (0126 881-30905*# 

1-9*1 (000* 881-2805**# 

1-942 (C2C* 881-270*2*# 

1-9*3 (000* 881-270*1*# 

1-94* (01C8 881-31627*# 

1-950 (0132 881-30973*# 

1-95* (004 9 8 81-3 1 308*# 

1-956 (0132 881-32026** 

1-957 (0066 881-31380*# 

8-958 (0092 881-33497*# 

1-963 (0C77 881-30391*# 

1-964 (0126 881-30906*# 

1-96 5 (0 1 0 6 881-2 7 6 06*# 

E-966 (0035 88 1-30 1 72*# 

1-968 (0056 881-33273*# 

1-970 (0126 861-30907*# 

1-971 (0126 881-31956*# 

1-973 (0036 881-32187*# 

1-977 (0127 881-31957*# 

1-979 (0019 881-31195*# 

1-980 (0127 881-32968*# 

1-983 (CC8S B61-3348**# 

1-98* (0019 881-30130*1 

8-99* (0127 881-3296**# 

1-998 (0063 881-32269*# 

1-1014 (0127 881-32965*# 

1-1015 (0090 88 1-33*92*# 

1-1015 (0108 B61-326C8*# 

1-9356-1 (0C03 381-13019*# 

1-5356-3 (0096 881-13*65** 

1-9356-7 (0075 881-152*1*# 

8-9*49-3 (01 37 881-179*3*# 

1-9*49-* (0137 881-179*2*# 

■-94*9-5 (C 137 881-29026* 

1-95*2 (0013 181-11037*# 

1-9715 (006 0 881-10170*4 

iri-1110 (0110 881-1*391** 

ID*- 101 56 (0029 881-19118*1 

101- 10361-901-2 (0007 881-1*976*4 

UC-LlB- 80172 (C068 181-15366** 


E8C-1B (0113 M81-21SJ6M 

18-10-00701 (0095 881-13133*8 

11-LO-O07O2 (009* 881-13428*# 

IB-10- 00703 (009* 881-13*29*# 

18-10-00705 (0095 181-13*30*9 

181-1004* (0095 881-33539*9 

181-10089 (009* 881-13*25*8 

181-10070 (0094 881-13*28*8 

181-10071 (009* 801-13*27*9 

881-10072 (0094 801-13420** 

101-10073 (009* 881-13*29*8 

181-1007* (0095 981-13430*8 

181-10075 (0095 881-13*31*9 

181-10078 (0095 181-13*32*8 

■81-10077 (0095 181- 13*33*1 

1933 (0054 181-26234** 


181-11-43 

111-81-81-1 


(0116 MI-13568** 
(0117 M1-2163S** 


1C -10-00*23 


(0095 MI-13432** 


PI- 1 ....... 

f 1-80-42/ls 
11- *0-76-952 
11-13983 ... 


(0033 181-12139*8 
(0065 88 1-17263*# 
p0073 881-22278*# 
(0u30 881-20078*# 


G8-* 

Ill PAFIi 80-F-253 
XSS 8-0340 -76 08 .. 


(0112 881-18*96*# 
(00*3 1 81-18363* 
(0072 181-1*227 • 


JPL-PUB-81-39 


(0107 881-2852**# 


JSC-16339 (0095 881-13*32*# 

JSC-16373 (0095 M1-13*33«# 

JSC-1637* (009* 881-13428*# 

JSC-16375 p009* MI-13429*# 

JSC-16377 (0094 881-13*27*# 

JSC-16382 -5095 881-13*30*# 

JSC- 16813 (0095 MI-13431*# 

JSC-1681* (009* 881-13*26*8 


10- I’ll- *64- 2 


(0011 881-25065*# 


L18SC0- 1*386 
L11SC0- 1.033 
LI13C 0-1503* 
LBISCO-15115 
IE1SCO-1532S 
L1BSCO-15326 
LEBSCO- 15327 
LIBSr j-15357 


(0095 801-13*32*# 
(0095 881-13*31*# 
(009* 881-13*26*# 
(0094 881-13427*# 
(0095 881-13*33*# 
i'' i m 881-13*28*# 
( >0'34 881-13*29*# 
P009S >81- 13*30*# 


LSC-78-36 (0029 881-19120*# 

81-1080-1 p0133 881-11833*# 


B11-801S 114*01$ 
81I-80TB2S ... 
11I-81IB3 .... 


(0133 881-11952*# 
p0143 861-18935*# 
(0068 881-21355** 


118-616* (0070 861-10242*# 

81-61-110 (0010 881-19079*# 


91S1-C1S1-L8V- 1208 1-3 
BiSl-ClSB-tfV-12 119-2 
BlSl-ClSB-lll- 1225 3-1 
aiSl-ClSI-LM-124 4 1-3 
11S1-C1S I-LI8- 12*43- 1 
81 SI -Cl Sl-Lt 1-12445- 1 
BlSA-CASl-lll-1.493- 1 
ItSl-CISB-Lia- 12*93-2 
11SI-C1SI-I ".1-12590-1 
■1S1-C1SE-LI1- 12594-2 
■1S1-C4SE- LEI- 12806-2 

aisi-cist-ua- 12 * 92 - 1 

1151-C1SE-LE1-12907-2 
■1S1-C1SE-LE1- 129 18-1 
llSl-ClSI-lll-129 19- 1 
II SI -CIS E-LI 1-1 293 3- 1 
Mt31-Cl!E-LM-1294t-1 
11S1-C1SE-L11-12982- 1 
MSI -CASE-LEI- 12990- 1 


(0066 181-14103* 
p0083 181-264*7* 
(OC76 181-22310*# 
p010« 181-2*519* 
(0099 181- 1956 1*» 
(0083 181-22360*# 
p0045 181-17170* 
(00*6 181-26179* 
(00*9 181-19245*# 
p0015 181-19116* 
P0096 181- 12542* 
(0105 181-27591*# 
p0015 181-19115* 
p010« 181-21521* 
(0046 181-27198*# 
(0061 181-19296* 
(0068 191-16329*# 
pOOBI 181-19455* 
P0018 Mi-29129* 
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■ 6S6-CISB-LH-12991-1 (0663 66I-26662* 

■ 6S6 -CIS I-1BM- 130 38-1 (0054 Sil-25188* 

M6S6 -CI3B-LB6-1 3101-2 (0046 MI-29160* 

I486 -CIS6-6M- 13 102-1 (0107 101-29531*6 

I4S4-C4SE-LE1-1 3107-1 (0118 S61-27766*l 

1436 -C6SI-LB8-1 3 120-1 (0066 181-16327*6 

■ 634-C63 t-LBH- 13 131- 1 (0056 B61-26230*! 

BI36-C6SB-LB6- 13132-1 (0106 (81-27616*6 

■ 4S6-C4SI-LH- 1 3135-2 (0062 181-26257* 

3636 -CIS E-Ill- 1 3146-2 (01C7 181-29524* 

I6S6-C6SB-LBN-13171-1 (0100 181-22466*6 

■ 636 -C 63 B-L2M -13174-1 (0014 181-12363*1 

■ 636 -C6SB-LB1 -13201-1 (0014 161-14999* 

■636 -C6SS-I.BI- 132 26-1 (0060 181-17260* 

■6S6-C6SI-LB1-13246-1 (0069 181-26203*1 

■ 6S6-C63B-LB1- 13269-1 (0062 181-22190*8 

■436 -CIS t-LBl- 13286-1 (0105 181-27597*6 

■ 6S6-C6SB-1.H-13339-1 (0051 161-12211*8 

1136 -C6 Si-116 -133 59-1 60062 MI-24265*# 

3 136 -CIS B-IM- 13600-1 (IC58 181-16528*8 

16S6-C6SB-LB6-13401-1 (C098 181-16529*8 

■ISI -CIS B-LB1 -134 29-1 (0071 161-16364*8 

1I36-C4SI-LB1-1 3504-1 (00(3 181-27279*8 

1IS6 C6SB-LB1-1 3556-1 (0106 181-21615*6 

1636 -CIS B-LB1- 13570- 1 (0071 181-24348*6 

■636 -CIS I- LB1- 23169-2 (0052 181-16209*6 

■ 65I-CP-2137 (0014 181-12090*6 

1636 -CP-2149 (0142 181-12978*6 

16S6-C P-2159 (0037 181-16119*6 

■ 6SI-CP-2169 (CC98 181-11531*6 

■636 -CP-2178 (0016 181-24063*6 

6636-CP-2190 (0019 181-31196*6 

I6S6 -CB-3388 (0007 161-16976*6 

■6S6-C6-3389 (CC77 181-20363*6 

1ISI-CB-3425 (0001 181-22012*6 

16S6-CB- 135386 (0029 181-19119*6 

1IS6-CB- 159426 (0029 181-19120*6 

■ ISI -Cl- 159482 (0029 181-19117*6 

■ 656 -CB- 159498 (0027 181-16051*6 

16S6-C1- 1 59499 (0024 181-12066*6 

143! -Cl- 159501 (0073 MI-22278*! 

1654-CB-159561 (0113 181-22467*6 

1 ISI -Cl -159562 (0024 181-12038*6 

1I54-C1-159570 (0073 181-19395*6 

16 SI -CB- 159583 (0329 161-16056*6 

■ISI -CB- 159584 (0030 181-22051*6 

■6S6-CB- 15964 3 (0050 181-16176*6 

16SI-CB- 1 5967 8 (0065 181-14082*6 

■ 4S6-CB- 1596 90 (0110 Ml- 13466*6 

1ISI-CB- 159720 (0(47 181-10112*6 

IISI-C1- 159728 (0092 181-19479*6 

16S4-CB- 159763 (0109 181-10517*6 

16 SI -CB- 15977 2 (0140 181-19435*6 

1631 -Cl- 15981 8 (0026 181-13057*6 

■6SI-CB- 15981 9-fOl- 1 (0028 181-17081*6 

16S4-C1-151 : 19- 1CI-2-B1- 1 (0028 181-17082*6 

■ 6SI-CB- 159819-1CI-2-B1-2 (0028 181-17083*6 

1656-CB- 159819-10L-2-BS-3 (0028 181-17084*6 

14 34 -Cl -159 8 19- ICO- 3-81-1 (0028 181-17085*6 

1656-CB- 15981 9-10 L- 3- El-2 ......... (0028 181-17066*6 

14S6-CB- 159823 (0093 161-19480*4 

IBS! -Cl- 15 982 4 (0093 *81-19481*6 

■4S6-CB- 159825 (0093 181-19462*6 

1656-CB- 159826 (C093 181-19483*6 

N63I-CB- 159840 (0140 181-13803*6 

■6 SI -CB- 159853 (0110 181-13467*6 

1634 -Cl- 155865 (0029 181-19116*6 

■ 4SB-CB-1 59867 (0024 181-12085*6 

14SI-CB- 159869 (0129 181-17846*6 

■ 6SI-CB- 159872 (0111 MI-18491*! 

1634 -Cl- 15987 9 (0024 181-12067*6 

14SI -CB- 159880 (0110 181-14391*6 

£ 25 I -CB- 15 9884 (0048 181-12172*6 

1ISI-CB- 159839 (0027 161-15005*6 

14S6-C6- 160665 (0094 681-13427*6 

165I-C8- 160866 (0094 181-13428*6 

96*4-08-160667 (0096 481-13426*6 

1151 -Cl- 16 3 66 8 (0 ( 95 881-13431*8 

II Si-CB- 160869 (((95 B81-13430*! 

1434 -Cl- 16C870 (0094 161-13429*8 

B63I-CB- 160871 (((95 181-13433*8 

I486 -Cl- 160673 (0(95 161-13432*6 

■ ISI-CI- 160881 (0094 161-13435*6 

■6S6-C6- 164222 (0030 161-22032*6 

■ISI -CB- 165 126 (0059 181-22151*6 

■6S6-CB- 165134 (0139 141-11952*6 

16S6-C1-1651J9 (0111 161-22582*1 


■ISI -CB- 185141 (0027 MI-15004*# 

1I8I-CI-16S143 (010) 181-12546*6 

■6S4-CB- 165144 (0112 MI-21533*! 

■ISI-C1-165145 (0033 161-12139*6 

■4S6-C 1-165147 (0065 Ml- 10169*6 

■6S4-CB-165152-VOL-1 (0110 MI-15461*# 

■484-0-165152-901-2 (0110 161-15662*8 

■186-CI-16515S (0070 101- 10262*6 

■6SI-C8- 165157 (0026 MI-15002*# 

■434-CI-16S156 (0068 661-13359*8 

■ 6SI-C1- 165159 - (0073 Ml- 16369*6 

I4S6-C 1-165162 (0026 111-13963*6 

14S4-C1-165165 (0067 161-12255*6 

■ISI -Cl- 165166 (0007 M1-1#976*6 

■4S6-C 1-165 167 (0110 181-15663*6 

1IS6-CI- 16516 9-901-1 (0033 661-12135*6 

16S4- Cl- 165169-901-2 (0033 181-12136*1 

■ISI -C 1-1 65 169-90 1-3 (0033 101-12137*6 

1484-C1- 165169- 90 1-4 (0133 161-12136*6 

I4S6-C1-16S170 (0140 161-20936*l 

IIS4-C6-165172 (0072 161-10301*6 

■4 SI-CB- 163173 (0072 181-11314*1 

14SI-CB-165176 (0139 161-11953*6 

■4S6-CB-165177 (0050 601-16177*6 

14S4-CI* 1(5179 (0111 MI-17527*! 

1434-C1- 165160 (0065 88 1-17263*6 

I4SI-C1- 165161 (0088 M1-1S366M 

■6 SI -C 1-1 65184 (0046 181-19229*6 

IIS4-C1- 165186 (0133 161-11633*6 

II SI-CB .165187 (0133 181-11636*8 

B4S4-CB-165188 (0129 181-15769*6 

14S6-C1-165189 (0112 181-18696*6 

IISB-CI-165190 (0112 161-19573*6 

■ 4S4-C8-16519S (0048 181-19233*6 

■4S6-CB- 1*5200 (0026 MI-15003*! 

I4S4-CB- 165201 (0059 181-19277*9 

■4':4-Ca-165210 (0088 181-17437*8 

1656-CB- 1652 17 (0030 181-22053*6 

■4SI-CB- 165220 (0028 181-17080*6 

I6S6-C1- 165221 (0112 881-18497*8 

I43I-CB- 165223 (0111 MI-16583*! 

14S6-CB- 165225 (0027 181-15006*6 

14S4-CB- 165228 (0048 MI-21130*# 

IIS4-CB- 165233 (0042 MI-2017*** 

■4S4-CI- 1(5237 (0068 181-17434*6 

■ 6S1-CB-K5238 (0033 181-21106*6 

B4SB-CB- 1(5240 (0111 181-16582*6 

■4S4-CB- 165244 (0027 081-17078*6 

■4S4-CB- 165245 pOII 2 181-18496*6 

I6S4-CB- 165250 (0027 181-17079*6 

I4SB-CB- 1(5256 (0067 MI-19316*! 

IBSI-CB- 165261 (0030 881-20078*6 

B4S4-CB- 16 5 262 (0078 181-22313*8 

1ISI-CB-165271 (0088 181-21355*6 

IBSI-CB- 165272 (0112 18 1-18 49 5*6 

IBSI-CB- 14527 5 (0042 181-21125*6 

1854-18-165276 (0042 MI-21122** 

41 SI-CB - 1 65279 (0067 881-21213*6 

B4SI-CB- 165279- BI1C- SOM (0137 181-21212*8 

B6S6-CB-1 65290 (0010 161-19079*6 

BBS4-CB- 145292 (0059 18 1-202*4*6 

B6S6-CB-16S311 (0113 MI-22473*! 

BBSI-CB-165312 (0042 181-22078*6 

B4S4CI-US316 (0113 MI-2 1 547*! 

BBSI-CB-165317 (0113 181-21536*6 

86S6-CB- 1653 16 (0113 MV 22475*8 

I4SI-C8-165335 (009S *81-33539*8 

B6S4-CB- 165348 (0033 181-27169*8 

I4S4-T1-79162 (0137 181-17943*8 

I6S4-90-61476 (0069 I81-10239** 

■456-18-81524 (0123 181-10778*8 

BISl-90-01525 (0137 181-17942*8 

■6S4-J8-8 1528 (0116 181-13564*8 

■434-T0-8 1540 (0051 181-11178*4 

■4S6-TB-B1545 (0079 161-16429** 

■4SI-TI-6 1547 . (0060 MI-11394*# 

I4S4-T1-6 1563 (0060 181-12226** 

aisi-TI-61510 (0051 881-12210*8 

■4SI-TB-0 1573 (0051 801-11111*6 

I4S4-T1-6 1575 (01*0 Ml- 18933*6 

■6SI-10-81576 (0069 MI-10280** 

1656-94-61578 (0051 101-15060*8 

■ 4SI-TB-6 1563 (0125 181-15768*8 

■6SI-II-8 1584 (0013 Ml- 10087*8 

66S1-9B-8 1568 (0096 Ml- 114*6*1 

■4S4-9I-6 1589 (0003 MI-18979** 

■434-11-61590 (0125 M1-10.W7M 

1484-90-81591 ..................... (0045 001-12171*0 


8-5 


ORIGINAL page is 
ftF POOR QUALITY 


uMif/kCCissjoa ioibii zassz 


lUt-TB't 

IUt-TB-( 

ItM'fl-t 

iui-ta-1 

iiu-Ti-e 

Itll-TI-t 

liii'ta-i 

IUI*TB*I 

lUi'TM 

IUt-TB-t 

I1U-TI-I 

■ UI-TB-e 
UU'U'B 
llli-tM 
iui-ra-9 
Uti-fM 
■1S1-T8-S 
UU-TI-I 
iiu-n-e 

■AS1-TB-6 
Uli-tB-l 
•m-ri-8 
8151 -T 8- 8 

basi-tb-s 

>151 -98- 8 

usi-n-e 

IUI-11-B 

USI'TI't 

3ASA-T8-8 

8181-98-8 

>151-98-8 

>151-98-8 

un>n>8 

USI-TI-B 
113 1-78-8 

im-ta-e 

IU1-T1-I 
U8I-THS 
UU-II-I 
ltSi-TI-8 
■1SA-TB-8 
8151-98-8 
8151-9 8-8 
IASA-9B-6 
>151-78-8 

■ 151-98-8 
B1S1-TB-8 
■1S1-T8-8 
81SI-TB- 8 
8 151-98-8 
B1S1-TB-8 
■151-98- 8 

■ 1S1-98-8 
II SI -78-8 

■ 151-98-8 
B1S1-TB-8 
B8SI-TB-8 
>151-71-8 
BlSl-tR-8 
>151 -TB- 8 
>151-78-8 

■ 1SA-T8- 8 
B1S1-T8-8 
>151-78-8 
8158-78-8 
>131-78-8 
8151-78-8 
8131-78-8 
81S1-TR-8 
8131 -78- 8 
1151-78-8 
8151 -78-8 
8151-78-8 
8151-78-8 
8151-78-8 
8151-78-8 
8131-78-8 
5151-78- 8 
1151-78-8 
8151-78-8 
1151-78-8 
8151-78-8 
8151-78-8 
8151-78-8 
1151 -78- 8 
>131 -IB- 8 


592 

591 

595 

594 

597 

400 

401 

402 

403 
605 
604 
608 

609 

610 
611 
612 

613 

614 

615 

617 

618 

619 

620 
621 
622 
623 

625 

626 
628 
630 

632 

633 
63* 
636 
639 
6*0 
6*1 
642 

644 

645 
647 
6*8 
650 
652 
654 

656 

657 

658 

659 

660 
661 
662 

663 

664 

665 

666 

667 

668 

669 

670 

671 

672 

673 

674 

675 

676 
4T7 
676 
679 
66C 
601 
682 
683 
68 * 

685 

686 
687 
60C 
689 

490 

491 
792 

703 

704 

705 

706 

707 

709 

710 


(0102 881-23435** 
(CCS 7 861-14396*8 
(906 0 861-10170*8 
(0074 881-13302*8 
(0091 181-11412*9 
(0069 881-10241*8 
P0C61 881-17265*8 
(0060 881-13166 ♦* 
(((56 881-13443*1 
(0037 881-11689*8 
(0096 881-11449*8 
(0(80 881-11395*4 
(0049 881-13106*8 
(0125 881-11769*8 
(C(99 881-16571*8 
(CC97 801-14399*8 
(0003 881-14978*8 
(0125 881-12821*8 
(0125 881-11770*4 
(0055 881-29205*8 
(0045 881-16132*8 
(0(49 881-17189*4 
(0074 831-13301*4 
(0C74 881-12358*4 
(0061 881-17266*8 
(0091 881-124*6*4 
(0081 881-17436*4 
(0131 881-16900*4 
(0124 881-12617*4 
(0033 881-13079*4 
(0049 881-13105*4 
(0014 881-13056*4 
(0051 181-15069*4 
(0081 881-17435*4 
(005 881-21313*6 
(((97 861-1*398** 
(0096 881-13464*4 
(0(80 881-13357*4 
(0003 801-13019*8 
(0096 881-13465*4 
((080 881-13358*4 
(0075 881-152*1-4 
(0003 881-14977*4 
|C(80 891-15367*4 
(0097 881-15464*8 
(0016 881-21078* 
(0015 881-16053*4 
(((57 881-14397*4 
(0(81 881-16474*4 
(0107 M1-’0S62*» 
(CHS 881-30657*4 
(0015 881-1605*** 
(0015 881-16055*4 
p((57 881-15465*4 
(0091 881-16*92*4 
(0015 981-16052*4 
(CC99 881-16570*4 
(0074 881-15240*4 
(0037 891-17127*4 
(0C44 881-16123*4 
(0C09 891-16021*4 
(007* 881-15239*4 
(0075 881-16421*4 
(0091 881-16494*4 
(((92 881-17400* 4 
(0052 881-16712*4 
(0132 881-19520*4 
(0052 88 . • 16211*4 
(0053 891-19278*4 
(0(79 881-16428*4 
(0075 891-21314*4 
(0071 881-16388*4 
(0061 861-1726*** 
(0055 861-26231* 
(0038 881-19222*4 
(0055 881-27258*4 
(0105 881-25*88*4 
(0052 881-18165*4 
(0041 881-19391*4 
(0C81 881-18392*4 
(0865 881-31550*8 
(0(37 881-20172*8 
(0(38 811-19219*8 
(0101 881-23186*8 
(004 5 861-17174*8 
(0039 881-21121*8 
(0 809 841-19076*8 
(0062 481-20275*1 
(0130 181-25779*8 


81S1-TS-9 1711 
8151-98-81712 
6151-98-81713 
*181-98-81714 
■151-98-81715 
■181-98-81717 
1191-18-8 1718 
B151-U-81719 
■181-98-8 1720 
8151-98-81721 
■151-98-81722 
>151-91-81724 
>151-95-8 1725 
1151-91-81726 
8151-98-81727 
8181-98-81728 
1151-98-81729 
1151-98-81731 
8151-98-81732 
8151-98-61734 
8151-98-81735 
8151-18-81737 
5151-98-81738 
■1=1-98-61739 
11S1-9B-8 17*0 
It 51-98-8 1741 
8151-98-81742 
1151-98-817*3 
8151-18-8 1744 
■151-TB-8174S 
1151-18-81747 
8151-98-81748 
I1S1-98-81749 
8151-98-81751 
8151-98-4 1752 
■151-18-4175* 
>151-98-81755 
8151-98-81756 
2131-98 -81757 
■153-99-81759 
81S1-98-81760 
8151-98-81761 
>151-98-81762 
8151-98-81763 
8151-18-81764 
8151-98-81765 
>131-98-81768 
>151-98-81769 
1151-98-81770 
■151-98-81771 
>151-98-81772 
US1-TB-81773 
■151-18-81774 
8151-98-81775 
8151-96-81956 
■151-98-02; 88 
>151-96-82.163 
>131-1*1-82,171 
■151-98-8239: 
>151-98-82589 
■1S1-T8-82590 
81S1-T6-82S91 
■151-98-82592 
■1S1-T8-82593 
>151-98-82596 
>131-98-82597 
B1S1-T8-82598 
>151-98-82599 
•ASA- fB-B 2600 
8151-98-82601 
■151-98-8260] 
>151-98-8260* 
1*151-16-82605 
5351-98-82607 
■ASA -98-82608 
>151-98-82609 
■151-98-82610 
>151-98-82611 
>151-98-82612 
■151-98-8261* 
8151-98- 82615 
■151-98-82616 
■151-98-82617 
■151-98-82618 
■151-98-82619 
■151-98-82621 
■151-98-82622 
■151-T8-82623 
>151-98-62024 


(0062 861-21356* 
(0125 88 1-19875* 
(0103 MI-23608* 
(0104 87 1-24536* 
(0101 881-232*3* 
(0075 881-21310* 
(0082 881-174S9* 
(0104 881-24535* 
(0038 881-19220* 
(0044 881-21129* 
(0038 881-19221* 
(0053 881-22161* 
(0039 881-20177* 
(0082 861-20424* 
(0130 861-22836* 
(0002 80 1-2231 7* 
(0039 881-20179* 
(012 1 861-21003* 
(0062 881-21199* 
(0039 881-20170* 
(0053 881-21173* 
(0100 881-21537* 
(0100 881-22*77* 
(0130 881-22639* 
(0101 881-23244* 
(0039 881-22084* 
(0102 881-23*17* 
(0102 881-23418* 
(0100 861-22472* 
(0003 881-21028* 
(0045 881-21174* 
(0103 881-23609* 
(0016 991-22056* 
(0126 881-20831* 
(0101 881-23243* 
(0105 981-27604* 
(0062 Mi-22193* 
(0103 881-23610* 
(0049 881-25168* 
(0017 M 1-25084* 
(0071 881-21281* 
(0017 MI-25079* 
(0103 (81-23*90* 
(0100 88 V 22*78* 
(0132 881-24927* 
(0102 881-23275* 
(0130 *81-22836* 
(0106 MI-28520* 
p0039 881-20180* 
(0106 181-28523* 
(0068 881-25263* 
(0 0 54 8 81-26 23** 
(0040 881-26174* 
(0100 88 7-22476* 
(0003 881-21027* 
(0138 881-27976* 
(0011 881-25065* 
(0107 MI-28524* 
(0098 881-16584* 
(0102 881-23*42* 
(00*5 MI-25148* 
p0054 881-25191* 
p0140 881-26986* 
(0046 Ml- 25 151* 
(0046 881-25149* 
(0104 MI-23627* 
(0106 881-28519* 
(0046 881 25150* 
(0101 88 >23085* 
(0105 «d 1-24539* 
p0066 MI-25232* 
(0103 881-23625* 
p005S 88 V 2823 3* 
(0104 MI-24534* 
(0018 881-2614 5* 
PU103 881-23611* 
(0103 881-23626* 
(0004 881-25036* 
(0130 181-22037* 
p0083 881-27 524* 
(0140 881-2*994* 
(0132 881-25006* 
(0017 88 1- 25061* 
(0040 181-30182* 
(0101 861-232C5* 
(0132 86 9- 24926* 
(0093 *81-26459* 
P0063 981-27525* 
(01*;4 881-2*533* 


ORIGINAL PAGE IS 
Or POOR QUALITY 


■uor/kcbssxoi nun IIUI 


I BASA-TB- 82625 

I BASA-TB-82626 
BASA-T B-82627 
BASA-TB- 82628 
BASA-TB-82630 
BASA-Tfl-82631 
BASA-TB- 82632 
{ BAS A-TB- 826 33 

BAJA-Ta- 82634 
• BASA-TB- 82 63 5 

BASA-T 4-82636 
BASA-TB- 826 37 
BASA-T 8-82638 
BASA-TB- 82639 
BASA-TB- 82 660 
i BASA-TB— 8266 1 

BASA-TB— 82663 
BASA-TB-82665 
BASA-TB- 82666 
BASA-TB- 82667 
BASA-TB-82668 
BASA-TB- 82 669 
BASA-TB— 826S0 
BASA-TB- 82651 
BASA-TB- 82652 
BASA-TB-82653 
BASA-TB- 82656 
BASA-TB- 826 55 
BASA-TB-82656 
BASA-TB- 82657 
BASA-TB- 82658 
USA -TB- 82659 
BASA-TB- 82660 
BASA-TB- 82661 
BASA-TB- 82662 
BASA-TB-82663 
BASA-TB- 82666 
BASA-TB-82666 
BASA-TB- 82667 
BASA-TB-82668 
BASA-TB- 82669 
BASA-TB— 8267 0 
BASA-TB- 82672 
BASA-TB-82673 
BASA-TB-82676 
BASA-TB- 82675 
BASA-TB-82676 
BASA-TB- 82677 
BASA-TB- 82678 
■ASA-TB-82679 
BASA-T B-82680 
BASA-TB- 82681 
BASA-T B-82682 
BASA-TB- 82683 
BAS A-TB— 82686 
BASA-TB- 82687 
BASA-TB-82688 
BASA-TB- 82690 
BASA-TB- 826 93 
BASA-TB-82696 
BASA-TB— 82696 
BASA-TB- 826 97 
BASA-TB— 82700 
BASA-TB- 82701 
BASA-TB— 82702 
BAS A-TB- 82703 
BASA-TB- 82712 
BASA-TB-82716 
BASA-TB- 827 16 
BASA-TB— 82717 
BASA-TB-82720 
BASA-TB-86011 

BASA-TP- 117 8 
BASA-TP- 1708 
BASA-T P-1710 
BASA-TP- 1716 
BASA-T P-1722 
BASA-TP- 1728 
BASA-TP- 1731 
BASA-TP- 1753 
BASA-TP- 1756 
BASA-TP- 1755 
BASA-TP- 1756 
BASA -TP-1757 
BASA-T P-1769 
BASA-TP- 1772 
BASA-TP- 1780 
BASA-TP— 1781 


(0066 881-32196*6 BAS* -TP-1791 p0075 881-16617*6 

(0055 881-27259*0 BASA-TP- 17 92 p0076 M 1-26387*6 

(0017 B8 1-25083* S USA-TP-1800 (0060 B8VI12I2M 

(0063 081-27277*6 BASA-TP- 1807 (0117 B8 1-21685*6 

(0056 801-25189*6 BASA-T P-1808 (0082 MI-19658*# 

(0091 081-26692*6 BASA-TP-1809 (0102 Ml- 23686*0 

(0056 MI-26236* 6 BASA-TP-1810 (0016 881-20076*6 

(0056 B« 1-26235* 6 BASA -TP-1811 (0038 MI-20173** 

(0126 801-26866*6 MSA -TP-1812 (0053 681-21193*6 

(0076 (81-30390*6 BASA-TP- 1813 (0061 181-19300*6 

(0120 181-25658* t BASA-TP- 1831 p0072 B8 1-28352*6 

(0105 MI-25667** 6ASA-TP-1832 (0072 (81-30360*6 

(CIO* B8 1-30563*6 BASA-TP- 1836 (0038 (81-20176*8 

(0064 801-27526* 8 6ASA-TP-1835 (0053 B8V2026S** 

(0017 M 1-25062*6 BASA-TP- 1836 (0071 MI-20359*# 

(0618 881-26166*8 BASA -TP- 1839 (0076 M8 1-28389*6 

(0060 MI-26173** BASA-TP— 1861 (0076 B81- 26388*6 

(0083 (81-27523*6 USA-TP-1862 (0016 MI-26065** 

(0139 881-32007*6 MSA-TP-1866 (0005 881-31129*6 

(0086 881-28666*6 6ASA-T(-1883 (0063 (81-33293*6 

(01C6 (81-28522*6 BASA-TP-1891 (0063 MI-27282** 

(0C86 801-28663*6 BASA-TP- 1896 (0076 B01-29386** 

(0C96 MI-28517** IASA-TP-1895 (0120 MI-33838** 

(0090 881-28658*6 BASA-TP- 1896 (0066 B81-29266** 

(0017 MI-25080** BASA-TP- 1899 (0063 181-31366** 

(0107 (81-29528*6 1ASA-TP-191J (0127 (81-33967*6 

(0012 (81-31190*6 BASA-IF-1920 (0005 (81-31128*6 

(0006 MI-31126** 

(0105 881-27605*6 BEAB-TB— 227 (0001 B8 1-22012*6 

(0016 MI-27096** 

(0119 MI-29782** C-3970-P (0095 B81-33539** 

(C 126 *81-29922*6 

(0085 *81-29660*8 PBA-S515-138 p0028 B81-17080** 

(0137 B81-29C26* PiA-5523-92 (0026 MI-12087*# 

(0055 881-29206*6 PBA-5550-5-1OI-2-BB-3 p0028 (81-17086*6 

(0018 MI-27095*# PBA-5550-37 (0026 MI-13057*# 

(014 3 881-29063*6 PU-S550-50-B 01-1 (0028 881-17081** 

(0126 801-30905*6 P6A-5550-50-TCL-2-BB-1 (0028 881-17082*8 

(0108 881-31627*6 PSA-5S50-50-VOL-2-BB-2 p0028 181-17083** 

(CCt4 181-29638*1 PBA-5550-50-»Ci-3-eK-1 pO028 881-17085*6 

(0086 (81-29639*6 PBA-5550-50-TCl.-3'BK-2 p0028 Ml- 17086*8 

(0132 181-30973*6 PBA-5596-122 p0026 MI-15002** 

(0069 881-31308*6 PBA-S606-31 (0059 881-19277*6 

(0132 881-32026*6 P6A-5635-63 (0129 MI-15769** 

(0066 881-31380*6 PBA-5686-19 (0027 B81-17079** 

(0092 (61-33697*6 PBA-5697-29 p0067 881-19316*6 

(0006 881-27062*6 PBA-5755 (0027 B81-15006** 

(0006 B81-27C61** 
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